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A Profile of the Fish and Decapod Crustacean 


Community in a South Carolina Estuarine System 


Prior to Flow Alteration! 


ELIZABETH LEWIS WENNER, MALCOLM H. SHEALY, JR., and PAUL A. SANDIFER? 


ABSTRACT 


The seasonal distribution and abundance of fishes and decapod Crustacea collected by 6 m otter trawl from the 
North and South Santee Rivers, South Carolina, were examined over a 2-year sampling period. Species richness was 
greatest during summer and at stations located in proximity to the river mouths. Although species richness was found 
to be related to salinity, temperature, depth, and dissolved oxygen, it was most noticeably affected by a spring freshet 
which considerably lowered richness and abundance. 

Eleven species accounted for 93% of the number and ~ 70% of the total fish biomass taken in both rivers: 
Micropogonias undulatus, Anchoa mitchilli, Bairdiella chrysoura, Stellifer lanceolatus, Ictalurus catus, Cynoscion 
regalis, Dorosoma petenense, Leiostomus xanthurus, Trinectes maculatus, Brevoortia tyrannus, and Symphurus 
plagiusa. White shrimp, Penaeus setiferus; brown shrimp, P. aztecus; and blue crabs, Callinectes sapidus, comprised 
over 96% by number and weight of the decapod fauna collected in both rivers. Dominant fishes were present in fairly 
equal abundance throughout the year and utilized the Santee system as either a residential or nursery area, while P. 
setiferus and P, aztecus were more seasonal in their pattern of appearance and abundance. 

Length-frequency analysis showed the Santee system fish fauna to be composed mostly of juvenile specimens. 
Their presence throughout the year indicated that the Santee is a temporally stable and relatively nonstressed system 
and an important nursery area. 

The predominance of juveniles accounted for lower biomass (kg/ha) of fishes in the Santee system compared to 
values for other estuaries along the Atlantic coast of the United States. The continued importance of juvenile fishes 
and shrimp in the Santee system is questionable in view of salinity changes in the nursery habitat following proposed 


river rediversion. 


INTRODUCTION 


A number of published accounts are available on community 
ecology of estuarine fauna along the northeastern and south- 
eastern coasts of the United States. Despite this, few com- 
prehensive studies exist on distributional patterns and faunal 
composition of estuarine megafauna, such as fishes and 
decapods, from a system which has experienced as many 
manipulations as the Santee River, S.C. The drainage basin of 
the Santee encompasses 41,000 km? in North and South 
Carolina. The Santee was the fourth largest river on the U.S. 
east coast prior to diversion of most of its flow into the Cooper 
River in 1942. Diversion not only lowered the annual mean 
discharge from 525 m?/s to 74 m’/s but also caused severe shoal- 
ing in Charleston Harbor at the mouth of the Cooper River 
(Kjerfve and Greer 1978). Changes in the amount of freshwater 
flow completely altered the supply and deposition of sediments, 
erosion patterns, salinity regime, flooding characteristics, and 
floral and faunal communities (Kjerfve 1976). After diversion, 
the salinity in the Santee distributaries, the North and South 
Santee Rivers, increased sharply. In addition, large quantities of 
fine-grained suspended sediments were transported into the 
Cooper River and, eventually, into Charleston Harbor. 

The costly necessity to dredge Charleston Harbor continuously 
prompted a rediversion project begun in 1975 whereby 80% of 
the Cooper River flow eventually will be directed back into the 
Santee system (Kjerfve 1976). Upon projected completion of 


Contribution No. 139 from the South Carolina Marine Resources Center. 
*Marine Resources Research Institute, P.O. Box 12559, Charleston, SC 29412. 


rediversion on the North and South Santee Rivers is purely 
428 m?/s (Kjerfve and Greer 1978). Although the impact of 
rediversion on the North and South Santee Rivers is purely 
speculative, it is likely to reduce the net salinity in the Santee 
system and increase amounts of fine-grained suspended 
sediments. Kjerfve and Greer (1978) cautioned that these com- 
bined changes may ultimately end the economically important 
American oyster, Crassostrea virginica, and hard clam, 
Mercenaria mercenaria, fisheries flourishing at present in this 
river. The effect of rediversion on fishes and decapod Crustacea 
also may be substantial. Shealy and Bishop (1979) suggested that 
population changes in penaeid shrimp may occur, and the extent 
of nursery areas may be affected. Fishes such as Jctalurus catus, 
I, punctatus, Morone saxatilis, and Anguilla rostrata, which are 
frequently encountered in lower salinity regions of estuaries, 
may increase in abundance in the Santee system; however, the 
effect on most species, such as the euryhaline sciaenid fishes 
which are numerically dominant in South Carolina estuaries 
(Shealy et al. 1974), cannot be predicted. 

The present study examines quantitative annual and seasonal 
variability, diversity, and species assemblages of fishes and 
decapod Crustacea found in the channel of the lower North and 
South Santee Rivers. Our primary consideration is to describe 
the megafaunal community as it currently exists and to relate 
distributional patterns to abiotic factors which may influence 
the community after rediversion. 


STUDY AREA 


All sampling stations were located within the Santee River 
system (Fig. 1). The Santee River provides the major headwaters 
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Figure 1.—Station locations in North and South Santee Rivers, S.C. 


supplying Lakes Marion and Moultrie. About 23 km from the 
ocean, the Santee River bifurcates to form the North and South 
Santee Rivers. 

The Santee system has been classified by Kjerfve and Greer 
(1978) as a partially mixed estuary with weak-to-moderate salinity 
Stratification and gravitational circulation. However, this 
classification is variable due to tidal fluctuations as well as varia- 
tions in saltwater intrusion and freshwater discharge (Cummings 
1970’; Stephens et al. 1975; Kjerfve 1976; Nelson 1976; Burrell 
1977; Calder et al. 1977). The South Santee River receives less 
freshwater drainage, with the result that saltwater intrusion is 
greater than in the North Santee River. 

The two distributaries differ somewhat with regard to ba- 
thymetry since the North Santee River is slightly deeper than the 
South Santee River. Substrate in both rivers is very similar, 
being predominately coarse to fine-grained sand and shell of 
Oceanic origin at the mouths, and hard mud and sand mix in the 
intermediate reaches of the estuary, replaced by fine-grained 
sand of inland origin in the upper estuary (Calder et al. 1977). 

Dissolved oxygen values fluctuate seasonally, being usually 
9-14 mg/liter in winter and >4 mg/liter in summer (Cummings 
footnote 3; Nelson 1976; Mathews’). 


MATERIALS AND METHODS 
Data Collection 


We sampled eight stations which were located in the channel 
at 1, 4, 7, and 11 river miles from the mouths of the North and 


‘Cummings, T.R. 1970. A reconnaissance of the Santee River estuary, South 
Carolina. A report prepared by United States Geological Survey, Water 
Resources Division, Columbia, S.C., 96 p. 

“T. Mathews, Assistant Marine Scientist, South Carolina Marine Resources 
Research Institute, Charleston, SC 29412, pers. commun. December 1979. 


South Santee Rivers (Fig. 1). Hereafter, we will refer to these 
stations as NSO1, NS04, NSO7, and NS11 in the North Santee 
River and SSO1, SS04, SSO7, and SS11 in the South Santee 
River. Stations were sampled monthly over a 2-yr period from 
January 1975 through December 1976, with the following excep- 
uions which were not included in our analysis: SS11 was not 
sampled in 1975; NSI1 was sampled with a 5 m (16 ft) trawl in 
May and July 1975; and NSO7 was not successfully trawled in 
May 1975. 


All collections were made with a 6 m (12 ft) semiballoon otter 
trawl with 8 m headrope, composed of 2.5 cm (1 in) stretch 
mesh throughout. A complete description of the trawl is given 
by Shealy et al. (1974). Twenty-minute tows were made against 
floodtide during daylight hours at a speed of 1.3 m/s (2.5 kn), 
which resulted in a coverage of 1.5 + 0.4 km during a tow. 


Bottom-water samples were collected with 6 liter capacity Van 
Dorn bottles 0.3 m above the bottom at each station prior to 
trawling. Water temperature was read from stem thermometers 
mounted within the Van Dorn bottles. Salinity was measured in 
the laboratory with a Beckman RS7B induction salinometer. 
Dissolved oxygen was determined by the Winkler-Carpenter 
method (Strickland and Parsons 1968). Turbidity was deter- 
mined with a Hach Model 2100A turbidimeter. Specimens were 
either processed in the field or preserved in 10% Formalin and 
returned to the laboratory for identification, measuring, and 
weighing. All specimens were weighed to the nearest 0.1 g and 
counted. We also recorded measurements (total length for 
fishes, carapace width for crabs, and total length for shrimps) 
for all species numbering <50 specimens per tow. At stations 
where the trawl caught larger numbers of organisms, we sub- 
sampled the catch as follows: If =>50 to <250 individuals were 
collected, then a minimum of 50 randomly selected specimens 
were measured; if >250 to <500 individuals were caught, then 


20% of the catch was measured; when >500 were caught, 10% 
of the catch was measured. 


Data Analysis 


Cluster analysis was used to define assemblages of fishes and 
decapod crustaceans and to determine degree of similarity 
among stations. Prior to cluster analysis, data were loga- 
rithmically transformed by log,, (x + 1), where x is number of 
individuals for a given species. We reduced data by elimination 
of species which occurred in fewer than three collections during 
a sampling period and by elimination of collections which con- 
tained only one species. 

The methods of cluster analysis used are described in detail by 
Boesch (1977). The Bray-Curtis coefficient (Clifford and 
Stephenson 1975) was used to compute similarity values. Sym- 
metrical similarity matrices were computed for both the North 
and South Santee Rivers on data from the 2-yr sampling period 
with collections as entities and species as attributes (normal 
analysis), and with species as entities and sites as attributes (in- 
verse analysis). Entities were classified into related groups by 
using flexible sorting (Lance and Williams 1967) with 6 = 
—0.25. 

Two separate dendrograms were generated for each river: A 
dendrogram which indicated association of all collections during 
the 2-yr sampling period based on their faunal content and a 
dendrogram which indicated association of all species from the 
collections made during the 2-yr sampling period. We used 
postclustering techniques of nodal analysis (Williams and 
Lambert 1961; Lambert and Williams 1962) to examine species 
and station coincidences. Nodal analysis diagrams were made by 
using patterns of constancy (a measure of how consistently a 
species is found in a site group) and fidelity (a measure of how 
restricted a species is to a site group). 

An index of abundance (Musick and McEachran 1972; Elliott 
1977) was used to compare numbers and weights of selected 
dominant species and is expressed as: 


n 
1 
Index of Abundance = =p logio (x + 1), 
ear 


where x = number or weight of individuals of a given species 
and m = number of collections in a chosen time frame. 

We determined biomass and density estimates for fishes and 
decapods from computations of area swept for trawl gears. 
Estimates of area swept (a) were determined by the following 
equation given by Roe (1969): 


K x M x (0.6 AH) 
7 ~ 0,000 m2/ha 


where K is speed in meters per hour, M is time in hours fished, 
and H is headrope length in meters (Klima‘’). Roe (1969) as- 
sumed an effective swath of about 60% of the headrope length 
as established by Wathne (1959). The area swept by our 6 m 
Otter trawl was estimated to be 0.72 ha/tow based on the 
method described by Roe (1969). 


*Klima, E. F. 1976. A review of the fishery resources in the western central 
Atlantic. West. Cent. Atl. Fish. Comm. Publ. 3, 77 p. 


RESULTS 
Hydrographic Parameters 


Bottomwater temperatures were very similar between rivers 
and among stations. Temperatures were lowest in both the 
North and South Santee Rivers during February and March 
1975 and January and February 1976. In the North Santee 
River, temperatures gradually increased from April to reach a 
peak in either August (1976) or September (1975). The warmest 
month in the South Santee River during both years of sampling 
was August. Based on temperature over the 2-yr sampling 
period, winter encompassed January, February, and March; 
spring, April, May, and June; summer, July, August, and 
September; and fall, October, November, and December. 

Salinities were extremely variable both seasonally and among 
stations. Freshwater outflow increased in the Santee watershed 
from 14.2 m?/s to an average of 679.3 m?/s between mid-March 
and mid-April 1975 and to 238.5 m?/s from mid-May until late 
June 1975 (Burrell 1977). These freshets considerably lowered 
salinities at stations in both rivers. Salinities were also variable in 
1976 but the extreme fluctuations caused by freshwater outflow 
were not as evident as in 1975. Except during periods of high 
runoff when freshwater was found throughout the system, 
salinity decreased from stations located at the river mouth to 
those located upstream. Salinities at stations SSO1 and NSO1 
ranged from 0.2 to 32.9%,,, which characterized these stations 
as limnetic-euhaline by the Venice System (Symposium on the 
Classification of Brackish Waters 1958). Stations SS04 and 
NSO4 were limnetic-polyhaline (0.1-26%,,), while SSO7 and 
NSO7 were limnetic-mesohaline (0.1-15.9Y,,). Salinities at NS11 
and SS11 ranged from <0.1 to 1.4%, and were within the 
limnetic-oligohaline salinity regime. 


Community Composition and Diversity 


Eighty species of fishes were collected from the South Santee 
River and 64 species from the North Santee River during the 
1975-76 sampling period (Table 1). Eleven species accounted for 
93% of the total number of specimens and 70% of the total fish 
biomass taken in both rivers: Atlantic croaker, Micropogonias 
undulatus; bay anchovy, Anchoa mitchilli; silver perch, Bair- 
diella chrysoura; star drum, Stellifer lanceolatus; white catfish, 
Ictalurus catus; weakfish, Cynoscion regalis; threadfin shad, 
Dorosoma petenense; spot, Leiostomus xanthurus; hogchocker, 
Trinectes maculatus; Atlantic menhaden, Brevoortia tyrannus; 
and blackcheek tonguefish, Symphurus plagiusa. In both rivers, 
M. undulatus was the most abundant species collected. With 
regard to biomass, however, M. undulatus was outranked by J. 
catus in the North Santee River and Bairdiella chrysoura in the 
South Santee River. 

The decapod crustaceans were represented by 22 species in the 
North Santee River and 18 species in the South Santee River. 
Although fewer species of decapods than fish were collected, the 
decapods dominated in terms of total number of individuals 
captured (Table 2). The numerical dominance of the decapods 
was due to extremely large catches of the white shrimp, Penaeus 
setiferus, especially in the South Santee River. This species was 
by far the most abundant decapod collected in both rivers and 
also dominated other decapods in terms of biomass. Penaeus 
setiferus, together with the brown shrimp, P. azfecus, and the 
blue crab, Callinectes sapidus, comprised over 96% by number 
and weight of the total decapod fauna collected in both rivers. 


Table 1.—Total number and total weight (kg) of fishes collected from 1975 and 1976 in estuaries of the North and South Santee Rivers, S.C. Species are listed in order of abun- 
dance, and data are pooled for the 2-yr sampling period. 


Total Percent of Total Percent Total Percent of Total Percent 
Species no. total catch weight —_ weight Species no. total catch weight weight 
North Santee River: South Santee River: 

Micropogonias undulatus 3,535 23.68 20.282 10.12 Micropogonias undulatus 4,385 31.72 23.815 13.90 
Trinectes maculatus 3,233 21.66 15.251 7.61 Anchoa mitchilli 2,944 21.29 4.259 2.49 
Ictalurus catus 1,975 13.23 58.429 29.16 Bairdiella chrysoura 2,187 15.82 33.547 19.58 
Anchoa mitchilli 1,502 10.06 2.895 1.44 Stellifer lanceolatus 636 4.60 3.419 2.00 
Brevoortia tyrannus 824 5.52 13.600 6.79 Ictalurus catus 625 4.52 25.443 14.85 
Stellifer lanceolatus 766 5.13 3.651 1.82 Cynoscion regalis 595 4.30 2.478 1.45 
Cynoscion regalis 555 3.72 2.528 1.26 Dorosoma petenense 400 2.89 2.102 1.23 
Bairdiella chrysoura 531 3.56 8.621 4.30 Leiostomus xanthurus 348 2:52) 9.100 §.31 
Dorosoma petenense 467 3.13 1.831 0.91 Trinectes maculatus 304 2.20 1.657 0.97 
Symphurus plagiusa 418 2.80 5.387 2.69 Brevoortia tyrannus 291 2.10 11.039 6.44 
Leiostomus xanthurus 207 1.39 9.135 4.56 Symphurus plagiusa 220 1.59 2.193 1.28 
Ictalurus punctatus 150 1.00 3.623 1.81 Paralichthys lethostigma 155 1.12 13.274 7.75 
Ictalurus furcatus 142 0.95 7.785 3.88 Opsanus tau 85 0.61 7 470 4.36 
Paralichthys lethostigma 131 0.88 15.664 7.82 Hypsoblennius ionthas 60 0.43 0.187 0.11 
Menticirrhus americanus 57 0.38 0.531 0.26 Hypsoblennius hentzi 58 0.42 0.246 0.14 
Urophycis regia 50 0.33 0.339 0.17 Paralichthys dentatus 42 0.30 1.502 0.88 
Arius felis 49 0.33 1.024 0.51 Menticirrhus americanus 34 0.25 0.284 0.17 
Opsanus tau 29 0.19 1.502 0.75 Cynoscion nebulosus 30 0.22 1.033 0.60 
Paralichthys dentatus 25 0.17 0.840 0.42 Centropristis striata 29 0.21 0.627 0.37 
Etropus crossotus 25 0.17 0.075 0.04 Urophycis regia 28 0.20 0.351 0.20 
Anguilla rostrata 19 0.13 2.301 115 Peprilus triacanthus 26 0.19 0.203 0.12 
Alosa sapidissima 17 0.11 0.114 0.06 Gobiesox strumosus 25 0.18 0.076 0.04 
Urophycis floridana 17 0.11 0.582 0.29 Peprilus alepidotus 23 0.17 0.130 0.08 
Cyprinus carpio 16 0.11 2.793 1539, Chloroscombrus chrysurus 21 0.15 0.196 0.11 
Cynoscion nebulosus 13 0.09 0.327 0.16 Alosa aestivalis 20 0.14 0.057 0.03 
Chloroscombrus chrysurus 13 0.09 0.028 0.01 Alosa sapidissima 19 0.14 0.149 0.09 
Alosa aestivalis 12 0.08 0.295 0.15 Etropus crossotus 19 0.14 0.206 0.12 
Dasyatis sabina 12 0.08 10.851 5.41 Citharichthys spilopterus 18 0.13 0.118 0.07 
Gobiesox strumosus 11 0.07 0.047 0.02 Ictalurus furcatus 17 0.12 0.632 0.37 
Prionotus tribulus 11 0.07 0.022 0.01 Archosargus probatocephalus 17 0.12 3.861 2.25 
Peprilus triacanthus 9 0.06 0.045 0.02 Urophycis floridana 16 0.12 0.432 0.25 
Pomatomus saltatrix 9 0.06 0.220 0.11 Lagodon rhomboides 13 0.09 0.405 0.24 
Morone saxatilis 8 0.05 0.070 0.03 Dasyatis sabina 9 0.07 7.515 4.39 
Peprilus alepidotus 8 0.05 0.045 0.02 Lepisosteus osseus 8 0.06 8.075 4.71 
Astroscopus y-graecum 7 0.05 0.067 0.03 Pomatomus saltatrix 8 0.06 0.285 0.17 
Anchoa hepsetus 7 0.05 0.055 0.03 Prionotus tribulus 8 0.06 0.011 0.01 
Hypsoblennius hentzi 6 0.04 0.045 0.02 Selene vomer tf 0.05 0.046 0.03 
Centropristis striata 6 0.04 0.228 0.11 Anchoa hepsetus 7 0.05 0.057 0.03 
Lagodon rhomboides 6 0.04 0.044 0.02 Ancylopsetta quadrocellata 6 0.04 0.382 0.22 
Mugil cephalus 5 0.03 0.199 0.10 Prionotus evolans 6 0.04 0.009 0.01 
Ictalurus platycephalus 5 0.03 0.717 0.36 Ictalurus punctatus 6 0.04 0.227 0.13 
Ancylopsetta quadrocellata 4 0.03 0.037 0.02 Opisthonema oglinum 5 0.04 0.014 0.1 
Dorosoma cepedianum 4 0.03 1.243 0.62 Caranx hippos 4 0.03 0.008 <0.01 
Ophidion marginatum 4 0.03 0.149 0.07 Centropristis philadelphica 4 0.03 0.172 0.10 
Lepisosteus osseus 3 0.02 5.213 2.60 Ophidion marginatum 4 0.03 0.166 0.10 
Selene vomer 3 0.02 0.013 0.01 Lutjanus griseus 4 0.03 0.041 0.02 
Membras martinica 2 0.01 0.005 <0.01 Morone saxatilis 3 0.02 0.054 0.03 
Eucinostomus argenteus 2 0.01 0.021 0.01 Dorosoma cepedianum 3 0.02 0.143 0.08 
Citharichthys spilopterus 2 0.01 0.005 <0.01 Arius felis 3 0.02 0.418 0.24 
Gobionellus hastatus 2 0.01 0.093 0.05 Eucinostomus sp. 5 0.02 0.042 0.02 
Hypsoblennius ionthas 2 0.01 0.007 <0.01 Prionotus scitulus 3 0.02 0.007. <0.01 
Chaetodipterus faber 1 0.01 0.223 0.11 >Scomberomorus maculatus 2 0.01 0.043 0.03 
Prionotus scitulus 1 0.01 0.002 <0.01 Eleotris pisonis 2 0.01 0.024 0.01 
Archosargus probatocephalus 1 0.01 0.338 0.17 Astroscopus y-graecum 2 0.01 0.011 0.01 
Morone americana 1 0.01 0.484 0.24 Bagre marinus 2 0.01 0.158 0.09 
Centropristis philadelphica 1 0.01 0.144 0.07 Orthopristis chrysoptera 2 0.01 0.112 0.07 
Bagre marinus 1 0.01 0.007 <0.01 Chaetodipterus faber 2 0.01 0.176 0.10 
Acipenser oxyrhynchus 1 0.01 0.300 0.15 Mugil cephalus 1 0.01 0.100 0.06 
Prionotus sp. 1 0.01 0.001 <0.01 Sciaenops ocellata 1 0.01 0.002. <0.01 
Gobionellus shufeldti 1 0.01 0.001 <0.01 Larimus fasciatus 1 0.01 0.001 <0.01 
Eucinostomus sp. 1 0.01 0.008 <0.01 Eucinostomus argenteus 1 0.01 0.002. <0.01 
Scophthalmus aquosus 1 0.01 0.002 <0.01 Morone americana 1 0.01 0.338 0.20 
Perca flavescens 1 0.01 0.017 0.01 Syngnathus louisianae 1 0.01 0.008 <0.01 
Chilomycterus schoepfi 1 0.01 0.002 <0.01 Menidia menidia 1 0.01 0.002 <0.01 
Total 14,929 200.403 Membras martinica 1 0.01 0.004 =< 0.01 
SsSrrongylura marina 1 0.01 0.075 0.04 

Trachinotus falcatus 1 0.01 0.008 <0.01 

Trachinotus carolinus 1 0.01 0.005 <0.01 

Urophycis earlli 1 0.01 0.001 <0.01 

Brevoortia smithi 1 0.01 0.268 0.16 


Table 1.—Continued. 


Total Percent of Total Percent 
Species no. total catch weight weight 

South Santee River.—Cont. 
Anguilla rostrata 1 0.01 0.150 0.09 
Mugil curema 1 0.01 0.040 0.02 
Gobionellus hastatus 1 0.01 0.009 0.01 
Prionotus carolinus 1 0.01 0.001 <0.01 
Prionotus sp. 1 0.01 0.002 <0.01 
Cyprinus carpio 1 0.01 1.562 0.91 
Gobionellus shufeldti 1 0.01 0.002 <0.01 
Diapterus olisthostomus 1 0.01 0.022 0.01 
Chilomycterus schoepfi 1 0.01 0.085 0.05 
Monacanthus hispidus 1 0.01 0.003 <0.01 

Total 13,826 171.372 


The total number of species of fishes and decapods varied 
over the 2-yr sampling period with the greatest number oc- 
curring in summer in both rivers (Fig. 2). Fewest species were 
collected during spring of 1975 when freshwater input and river- 
flow drastically increased. The dramatic drop in number of 
species was most noticeable at stations located upriver (NSO7, 
NS11, and SSO7). The total number of species captured was 
much lower during this time period than in spring of 1976 when 
no freshet occurred. During the 2-yr sampling period, more 
species were collected at stations nearest the mouths of both 
rivers. 

The number of individual fish and decapod crustaceans, 
expressed in logarithms, showed patterns similar to the number 
of species when plotted over time (Fig. 2). In both rivers, 
numbers of individuals were greater during 1975, with peaks oc- 
curring in summer. 

The number of species and number of individuals were com- 
pared to environmental factors such as bottom temperature, 


salinity, oxygen, turbidity, and depth using Pearson’s product- 
moment correlation coefficient (Table 3). Based on these 
analyses, we found the number of species in the North Santee 
River to be significantly associated with bottom temperature 
and salinity in 1975 and with salinity and depth in 1976. In the 
South Santee River, the number of species was significantly 
associated with salinity during both years. 

In the North Santee system, the number of individuals was 
positively correlated with bottom temperature in 1975, but there 
were no significant associations detected between number of in- 
dividuals and environmental factors in 1976 (Table 3). The 
number of individuals captured in the South Santee system was 
positively correlated with bottom temperature and negatively 
correlated with oxygen in 1975 and 1976. A positive correlation 
with depth was found also in 1976. 

Normal cluster analysis revealed that no strong differentiation 
of collections existed by river mile. Rather, collections made in 
the limnetic-euhaline zone were grouped with those from the 
limnetic-oligohaline zone indicating little stratification of the 
fauna according to salinity regime. In addition, an examination 
of the allocation of collections according to station and month 
indicated that association of the collections was not related to 
time of year. Based on similarity of faunal composition, we 
discerned three primary station groups by cluster analysis of 
data from the North Santee River: 1) a group in which collec- 
tions at station NSO1, NS04, and NSO7 were represented by 
nearly equal numbers of collections; 2) a group in which collec- 
tions at station NSO] predominated; and 3) a group which was 
most distinct from the other groups and was dominated by col- 
lections made at station NS11. Two major groupings of stations 
were indicated by cluster analysis for the South Santee River: 1) 
a group consisting mostly of collections from stations SSO1 and 
SS04, and 2) a group consisting predominantly of collections 
from stations SSO7 and SS11. 


Table 2.—Total number and total weight (kg) of decapod Crustacea collected from 1975 and 1976 in the North and South Santee Rivers. Species are listed in order of abun- 
dance and data are pooled over the 2-yr sampling period. 


Total Percent of Total Percent 
Species no. total catch weight weight 
North Santee River: 

Penaeus setiferus 34,998 90.08 121.703 48.38 
Penaeus aztecus 1,556 4.00 13.393 5.32 
Callinectes sapidus 1,318 3.39 114.709 45.60 
Palaemonetes vulgaris 510 1.31 0.228 0.09 
Palaemonetes pugio 255 0.66 0.125 0.05 
Penaeus duorarum 95 0.24 1.036 0.41 
Panopeus herbstii 23 0.06 0.085 0.03 
Portunus gibbesii 19 0.05 0.016 0.01 
Callinectes similis 18 0.05 0.161 0.06 
Trachypenaeus constrictus 18 0.05 0.019 0.01 
Rhithropanopeus harrisii 17 0.04 0.013 0.01 
Clibanarius vittatus 13 0.03 0.024 0.01 
Portunus spinimanus 5 0.01 0.008 <0.01 
Macrobrachium ohione 3 0.01 0.028 0.01 
Xiphopenaeus kroyeri 2 0.01 0.008 = <0.01 
Panopeus occidentalis 2 0.01 0.002 <0.01 
Panopeus sp. 1 <0.01 0.001 <0.01 
Alpheus heterochaelis 1 <0.01 0.001 <0.01 


Total 38,854 251.556 


‘Field identification. 
*Specimen damaged and unidentifiable, not included in analyses. 


Total Percent of Total Percent 
Species no. total catch weight weight 
South Santee River: ' 
Penaeus setiferus 10,431 78.80 44.333 44.98 
Penaeus aztecus 1,726 13.04 10.242 10.39 
Callinectes sapidus 568 4.29 42.763 43.39 
Macrobrachium ohione 120 0.91 0.414 0.42 
Palaemonetes pugio 90 0.68 0.047 0.05 
Palaemonetes vulgaris 89 0.67 0.052 0.05 
Trachypenaeus constrictus 83 0.63 0.071 0.07 
Callinectes similis 31 0.23 0.184 0.19 
Penaeus duorarum 17 0.13 0.077 0.08 
Clibanarius vittatus 16 0.12 0.024 0.02 
Pagurus longicarpus 12 0.09 0.006 0.01 
Xiphopenaeus kroyeri 12 0.09 0.030 0.03 
Rhithropanopeus harrisii 10 0.08 0.134 0.14 
Portunus spinimanus 7 0.05 0.104 0.11 
Callinectes similis or ornatus' 7 0.05 0.018 0.02 
Callinectes ornatus 5 0.04 0.031 0.03 
Panopeus herbstii 4 0.03 0.006 0.01 
Portunus gibbesti 3 0.02 0.007 0.01 
Alpheus heterochaelis 2 0.02 0.002 <0.01 
Acetes americanus 1 0.01 0.001 <0.01 
Ovalipes ocellatus 1 0.01 0.002 <0.01 
Eurypanopeus depressus 1 0.01 0.001  <0.01 
Xanthidae? 1 0.01 0.008 0.01 
Total 13,237 98.557 
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Figure 2.—Monthly fluctuations in number of species and number of individuals (log transformed) of fishes and decapod crustaceans at sampling 


sites in the North and South Santee Rivers, 1975-76. 


Table 3.—Correlation between In (n + 1) transformed values of number of species and number 
of individuals of fishes and decapods in relation to environmental factors. r = Pearson product- 
moment correlation coefficient; 7 = number of observations. 


1975 1976 


North Santee South Santee North Santee South Santee 


Environmental factor r n r n r n r n 
Number of species Number of species 
Bottom temperature (°C) 0.4270* 45 0.1646 36 —0.0225 48 -—0.0769 48 
Salinity (%,,) 0.3984* 45 0.4185* 36 0.5437* 48 0.5929* 48 
Oxygen (mg/liter) —0.1575 45 -—0.0457 36 -—0.0110 48 0.0074 48 
Turbidity (FTU)** 0.2972 45 0.0849 36 —0.0550 48 —0.2213 48 
Depth (m) —0.3045 45 0.0170 36 —0.6029* 48 0.2420 48 
Number of individuals Number of individuals 
Bottom temperature (°C) 0.5003* 45 0.5158* 36 0.0239 48 0.3385* 48 
Salinity (%,,) 0.2006 45 0.1605 36 0.0187 48 0.2766 48 
Oxygen (mg/liter) —0.0768 45 —0.3710* 36 —0.0614 48 —0.3089* 48 
Turbidity (FTU) 0.1575 45 —0.2985 36 0.0142 48 -—0.0146 48 
Depth (m) —0.1624 45 —0.1052 36 —0.1766 48 0.4652* 48 


*Significant (2 + 0) at aw = 9.05. 
**FTU = Formazin Turbidity Units. 


Table 4.—Groups formed from cluster analysis of species of fishes and decapod 
Crustacea collected in the North and South Santee Rivers from 1975 and 1976. 
Dendrograms are not shown. 


North Santee R. 


Group A 
Lagodon rhomboides 
Alpheus heterochaelis 
Eucinostomus argenteus 
Group B 
Prionotus tribulus 
Dasyatis sabina 
Callinectes similis 
Gobiesox strumosus 
Etropus crossotus 
Hypsoblennius hentzi 
Xiphopenaeus kroyeri 
Group C 
Astroscopus y-graecum 


Ancylopsetta quadrocellata 


Ophidion marginatum 
Urophycis floridana 
Centropristis striata 
Urophycis regia 
Penaeus duorarum 
Group D 
Arius felis 
Peprilus alepidotus 
Callinectes ornatus 
Selene vomer 
Portunus gibbesii 
Pagurus longicarpus 
Clibanarius vittatus 
Opsanus tau 
Trachypenaeus constrictus 
Menticirrhus americanus 
Group E 
Alosa sapidissima 
Paralichthys dentatus 
Cynoscion nebulosus 
Muzgil cephalus 
Dorosoma petenense 
Gobionellus hastatus 
Rhithropanopeus harrisii 
Peprilus triacanthus 
Anchoa hepsetus 
Panopeus herbstii 
Pomatomus saltatrix 
Chloroscombrus chrysurus 
Group F 
Lepisosteus osseus 
Cyprinus carpio 
Palaemonetes pugio 
Alosa aestivalis 
Ictalurus punctatus 
Ictalurus furcatus 
Macrobrachium ohione 
Anguilla rostrata 
Morone saxatilis 
Group G 
Ictalurus catus 
Trinectes maculatus 
Micropogonias undulatus 
Anchoa mitchilli 
Penaeus setiferus 
Bairdiella chrysoura 
Cynoscion regalis 
Stellifer lanceolatus 
Penaeus aztecus 
Symphurus plagiusa 
Callinectes sapidus 


South Santee R. 


Group A 


Ophidion marginatum 
Ancylopsetta quadrocellata 
Urophycis regia 
Urophycis floridana 
Etropus crossotus 
Alosa sapidissima 
Cynoscion nebulosus 
Archosargus probatocephalus 
Lutjanus griseus 
Lagodon rhomboides 
Group B 
Dasyatis sabina 
Citharichthys spilopterus 
Caranx hippos 
Eucinostomus sp. 
Centropristis philadelphica 
Group C 
Hypsoblennius ionthas 
Trachypenaeus constrictus 
Menticirrhus americanus 
Clibanarius vittatus 
Hypsoblennius hentzi 
Penaeus duorarum 
Centropristis striata 
Opsanus tau 
Symphurus plagiusa 
Gobiesox strumosus 
Paralichthys dentatus 
Group D 
Pomatomus saltatrix 
Peprilus triacanthus 
Anchoa hepsetus 
Chloroscombrus chrysurus 
Panopeus herbstit 
Group E 
Cynoscion regalis 
Penaeus aztecus 
Stellifer lanceolatus 
Callinectes similis 
Peprilus alepidotus 
Selene vomer 
Lepisosteus osseus 
Rhithropanopeus harristi 
Macrobrachium ohione 
Group F 
Ictalurus punctatus 
Ictalurus furcatus 
Alosa aestivalis 
Group G 
Anchoa mitchilli 
Bairdiella chrysoura 
Callinectes sapidus 
Penaeus setiferus 
Paralichthys lethostigma 
Brevoortia tyrannus 
Leiostomus xanthurus 
Micropogonias undulatus 
Trinectes maculatus 
Ictalurus catus 
Palaemonetes vulgaris 
Palaemonetes pugio 
Dorosoma petenense 
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Paralichthys lethostizma 
Brevoortia tyrannus 
Leiostomus xanthurus 
Palaemonetes vulgaris 


The classification based on the quantitative similarities of 
distribution of species found in the North and South Santee 
Rivers produced the species groups shown in Table 4. In order to 
determine affinity of species assemblages along the estuarine 
gradient, we compared species group constancy and fidelity 
among the eight stations occupied in the North and South 
Santee Rivers during 1975 and 1976 (Fig. 3). This was deemed 
preferable to comparing site groups determined by cluster 
analysis with species groups because site groups broadly 
overlapped and were not clearly separated by cluster analysis ac- 
cording to salinity regimes within the estuary. 

In the North Santee River, one species group (G) was con- 
sistently encountered at stations NSOI and NS04, with slight 
decline in constancy at NSO7 and NS11 (Fig. 3). Species in this 
group were not restricted in their distribution to any station 
location but were ubiquitous over the sites sampled, which is an 
indication of their apparent euryhalinity. The other species 
groups were not consistently collected at any of the stations, as 
indicated by low constancy. Species group B, which is largely 
composed of coastal marine fishes, was entirely restricted to sta- 
tion NSO1, which suggests the stenohaline nature and transient 
occurrences of these fishes within the estuary. Other groups (A 
and D) were also apparently composed of marine species which 
were not able to penetrate far into the estuary. Group E species 
were associated with intermediate to higher salinities and did not 
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Figure 3.—Two-way coincidence tables of constancy and fidelity which compare 
species associations with stations in the North and South Santee Rivers, 1975-76. 
The species associations, designated alphabetically, resulted from cluster analysis of 
species (dendrogram not shown) collected from the Santee system. Species compris- 
ing these associations are listed in Table 5. 


occur at stations upriver from NS04. Members of group F were 
not found downestuary of station NSO7. 

In the South Santee River, species in group G were considered 
to be ubiquitous over all sites. The constancy of these species 
ranged from high at stations SS04 and SS0O7 to moderate at SSO1 
and SS11; however, species in this group were not restricted to 
any station location. Groups A, C, and D included species 
which were associated with higher salinity areas in proximity to 
the river mouth. Stenohaline marine species in these groups in- 
cluded sheepshead, Archosargus probatocephalus; black sea 
bass, Centropristis striata, butterfish, Peprilus triacanthus; and 
Atlantic bumper, Chloroscombrus chrysurus. Group B species 
were not consistently collected at any station location and 
displayed low fidelity to stations SS04 and SS11. These species 
are generally considered to be marine in origin and their penetra- 
tion as far as SS11 is unusual. Species which were associated 
with higher and intermediate salinities constituted group E. 
These were found at all stations except SS11, but were not con- 
sistently collected at any site. Group F contained the stenohaline 
freshwater species, Jctalurus punctatus and I. furcatus, and the 
anadromous species, blueback herring, A/osa aestivalis, which 
were restricted to station SS11. 

Based on results of the two-way coincidence table (Fig. 3), it 
was possible to distinguish four assemblages of fishes and 
decapod Crustacea in both the North and South Santee Rivers. 
The first assemblage consisted of euryhaline species which oc- 
curred throughout both rivers and included the fishes Anchoa 
mitchilli;, Brevoortia tyrannus; Trinectes maculatus; 
Micropogonias undulatus; Leiostomus xanthurus; Bairdiella 
chrysoura; southern flounder, Paralichthys lethostigma; and I. 
catus; and the decapods Penaeus setiferus, Callinectes sapidus, 
and Palaemonetes vulgaris, grass shrimp. Coastal marine 
species, which may penetrate into the estuary for short periods 
of time, constituted the second assemblage. Species in this 
category included the fishes Centropristis striata; skilletfish, 
Gobiesox strumosus; feather blenny, Hypsoblennius hentzi; 
southern kingfish, Menticirrhus americanus; and_pinfish, 
Lagodon rhombiodes—and the decapods pink shrimp, Penaeus 
duorarum, and humpback shrimp, Trachypenaeus constrictus. 
The third assemblage consisted of species which can tolerate a 
range of intermediate to low salinities. Rhithropanopeus har- 
risiti, mud crab, which occurs in both the North and South 
Santee Rivers, was distributed in this manner. The fourth 
assemblage was composed of the stenohaline freshwater species 
Ictalurus punctatus, I. furcatus, and the anadromous species, 
Alosa aestivalis. 

Although the formation of these categories is based on 
distributional patterns formed from an actual collection of the 
organisms, it remains an artificial attempt at forcing species into 
designated groups based on their general affinities within the 
estuary. Therefore, it is possible and certainly probable that 
species will encounter others outside their group and may even 
form peripheral associations. This is especially true of the 
euryhaline species which are capable of widespread penetration 
of the estuarine environment. 


Temporal and Spatial Distributions—Fishes 


Temporal and spatial distributions for four abundant species 
of fishes—Micropogonias undulatus, Anchoa mitchilli, Ic- 
talurus catus, Bairdiella chrysoura, and Trinectes maculatus— 
are compared in Figures 4-6. A summary table of the distribu- 


tion and lengths for all species collected is available from the 
authors. 


Micropogonias undulatus, Atlantic croaker.—The Atlantic 
croaker was found throughout both rivers, although its presence 
at stations varied over the 2-yr sampling period (Fig. 4A). In the 
North Santee River, number and biomass of the Atlantic 
croaker were greatest during spring 1976 at NSO7. This is in 
marked contrast to spring 1975 when none were collected at this 
station or at NS11 further upriver. The absence of croaker at 
these stations in 1975 may be attributed to the significant altera- 
tion of physicochemical properties by the freshet in spring 1975. 
A similar decrease in abundance was not noted in the South 
Santee River, but failure to occupy SS11 during 1975 precludes a 
true assessment of freshet effects far upriver. The apparent 
absence of Atlantic croaker at upriver stations in the North 
Santee River during fall 1976 cannot be readily attributed to any 
hydrographic parameter but may reflect a lag in recruitment of 
young fish during this period. 

Length-frequency distributions (not shown) indicated that 
sizes of most Atlantic croaker available to our bottom trawls 
were <10 cm in both rivers during all seasons. The 
predominance of smaller fish accounts for the low biomass 
observed for Atlantic croaker. Young fish, 4-16 cm, were 
prevalent in both rivers during fall and winter. A few larger fish 
which ranged from 12 to 26 cm were also present, but their num- 
bers were low, which could reflect gear avoidance, movement 
away from the channel, or emigration from the estuary. Size of 
young Atlantic croaker had increased to a mode of 8-9 cm by 
summer and abundance had increased. Others (Haven 1957; 
Hansen 1969; Hoese 1973; Shealy et al. 1974; Chao and Mu- 
sick 1977) have noted that small Atlantic croakers are pres- 
ent in different estuarine systems along the east coast through- 
out much of the year. The abundance of young fish in the 
Santee system is probably related to the long spawning season of 
the Atlantic croaker (Chao and Musick 1977), which may be 
more protracted in South Carolina waters than in temperate 
northern estuaries, although our choice of sampling gear, biased 
toward capture of smaller fish, is undoubtedly also a factor. 


Anchoa mitchilli, the bay anchovy.—Anchoa mitchilli was 
found at all stations in both the North and South Santee Rivers 
sometime during the 2-yr sampling period, but catches were 
generally greater in the South Santee River (Fig. 4). Abundance 
of A. mitchilli appeared to be lowest at low-salinity stations 
located further upriver in both rivers. This decreased abundance 
was especially noticeable in spring and summer. During these 
seasons, bay anchovy were found at more seaward stations 
within the estuary. This distributional pattern is similar to that 
observed in the Edisto and Cooper Rivers, S.C. (Shealy et al. 
1974), and York River, Va. (Markle 1976). 

Length-frequency distributions for A. mitchilli were strongly 
bimodal with smaller (20-35 mm) and larger (50-75 mm) fish 
cooccurring during most seasons (not shown). These data do 
not indicate an influx of small fish into the population during a 
particular season, such as summer (Hoese 1973; Shealy et al. 
1974), but suggest that small fish are present in the Santee 
system throughout the year. Multiple spawns (Hoese 1965) or a 
protracted spawning season (Hildebrand and Cable 1930) best 
explain the bimodality of frequencies observed for bay anchovy 
in the Santee system. Similar findings were noted by Hoese 
(1965), who believed that A. mitchilli spawns during all seasons 
in Texas and probably is short-lived. In addition, Mansueti and 
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Figure 4.—Abundance of A) Micropogonias undulatus and B) Anchoa mitchilli by station and season for the North and South Santee Rivers. 
Ratios over bars indicate number of collections where fishes were captured to total number of collections at a station. 


Hardy (1967) found sexually mature individuals at 2.5 mo of age 
in the Chesapeake Bay system. 


Ictalurus catus, white catfish.—The distribution of J. catus 
was obviously influenced by salinity since catches declined 
markedly at higher salinity stations (Fig. 5A). In the North 
Santee River, catches of I. catus were greatest during all seasons 
at stations furthest upriver. Distributional patterns in the South 
Santee River were similar in that J. catus seldom occurred at 
higher salinity stations. Shealy et al. (1974) found no J. catus at 
estuary mouths of the North and South Edisto or Charleston 


Harbor-Cooper Rivers. The infrequent occurrence of white cat- 
fish at the mouth of the Santee River probably reflects the often 
low-salinity nature of the Santee River and the subsequent 
penetration by lower salinity species. High biomass of /. catus 
corresponded with peak numerical abundance in both rivers. 
Length-frequency distributions (not shown) showed that’most 
white catfish collected in the Santee system were <100 mm, 
although the length range extended from 10 to 370 mm. Based 
on an age-growth study of /. catus from South Carolina 
(Stevens 1959), the fishes <100 mm are not older than 2 yr. In 
the North Santee River, young-of-the-year fish (< 50 mm) were 
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B. Bairdiella chrysoura 
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5.—Abundance of A) /efalurus catus and B) Bairdiella chrysoura by station and season for the North and South Santee Rivers. Ratios over 


bars indicate number of collections where fishes were captured to total number of collections at a station. 


prevalent in summer, which is coincidental with the spawning 
period of /. catus in South Carolina (Stevens 1959). 


Bairdiella chrysoura, the silver perch.—Bairdiella chrysoura 
was present in the Santee system during all seasons, although 
abundance tended to increase during fall and summer in the 
South Santee River (Fig. 5). Silver perch showed no apparent 
preference for a particular portion of the salinity regime in the 
middle and lower reaches of the estuary since they were collected 


at all stations; however, catches did decline at the stations 
located further upriver (NS11 and SS11). Bairdiella chrysoura 
taken from the Santee system were young-of-the-year fish 
(Shealy et al. 1974; Chao and Musick 1977) within the size range 
of 20-100 mm. 


Trinectes maculatus, hogchoker.—Trinectes maculatus was 
ubiquitous in the Santee system during all seasons (Fig. 6). 
Catches were greatest during fall in both the North and South 
Santee Rivers. Lower catches tended to be associated with sta- 


Trinectes maculatus 
FALL 


3 
3 


NUMBER 


sso! SSO4 SSO7 SSII 


w 

q z 
205 

se) 

© 1.0 


NSO! NSO4 NSO7 NSII 


NUMBER 


NSOI NSO4 NSO7 NSII SSOI SSO4 SSO7 SSII 


BIOMASS 
= © 
(oe) oO 


NUMBER 


NSOI NSO4 NSO7 NSII SSOI SSO4 SSO7 SSII 


5 
1.0 


SUMMER 


INDEX OF RELATIVE ABUNDANCE 
BIOMASS 


NUMBER 


NSO!I NSO4 NSO7 NSII 


wn 
a 
= 05 
fe) 
a 
bao OJ 1975 
B® i976 


Figure 6.—Abundance of Trinectes maculatus by station and season for 
the North and South Santee Rivers. Ratios over bars indicate number of 
collections where fishes were captured to total number of collections at a 
station. 


Ssol SSO4 SSO7 SSII 


tions in proximity to the river mouths, which suggests an 
avoidance of euhaline areas by this fish. Lengths of hogchokers 
ranged from 20 to 175 mm, but most individuals were < 80 mm. 
These specimens probably represent young-of-the-year fish 
(Dovel et al. 1969) which appear during all seasons due to the ex- 


"Bearden, C. M. 1961. 


tended spawning season of this species in the Carolinas 
(Hildebrand and Cable 1938). 


Temporal and Spatial Distributions—Decapods 


Distributional patterns of the most abundant decapod crusta- 
ceans, P. setiferus, P. aztecus, and Callinectes sapidus, are 
shown in Figures 7 and 8. 


Penaeus setiferus, white shrimp.—Catches of white shrimp 
were seasonal, with most individuals occurring in the Santee 
system during the fall and summer. Though common in both 
rivers, numerical abundance and biomass of white shrimp were 
greater in the South Santee River (Table 2), and catches ap- 
peared to be lower at the extreme upriver stations. This was par- 
ticularly evident during winter and spring. Length-frequency 
distributions showed young-of-the-year white shrimp were pres- 
ent during summer in both rivers (Fig. 7). Sizes of shrimp col- 
lected increased during the other seasons, with the largest in- 
dividuals collected in the spring. Similar findings were noted by 
Bishop and Shealy (1977) in a study of penaeid shrimp from 
South Carolina estuaries. They found that the largest numbers 
of shrimp were small, whereas larger individuals, which may be 
derived from the overwintering population or from an im- 
migrating offshore population, occurred during fall and spring. 


Penaeus aztecus, brown shrimp.—Brown shrimp were most 
abundant in spring and summer (Fig. 8). These brown shrimp 
were rare in winter trawl collections. In other South Carolina 
estuaries, Bishop and Shealy (1977) noted that catches of brown 
shrimp were strongly seasonal, with most individuals collected in 
summer. The absence of brown shrimp in trawl catches during 
the winter months does not indicate that they are absent entirely 
from the estuary. Postlarval shrimp first enter South Carolina 
estuaries in January and are most abundant in February and 
March (Bearden®). Because it appears that postlarval white 
shrimp, and perhaps also brown shrimp, primarily occupy the 
shallow edges and creeks of estuaries where cover and preferred 
food are available (Bishop and Shealy 1977), we may have failed 
to sample this component of the shrimp population by restric- 
ting our collecting to the channel. It is also probable that 9-12 
mm postlarvae are not retained by our 6 m otter trawl. Ex- 
amination of length-frequency distributions (not shown) for 
brown shrimp collected in the Santee system showed a total 
absence of postlarvae in our trawl collections. Shrimp ranged 
from 30 to 145 mm, with most individuals in the 55-90 mm size 
range. The abundance of brown shrimp was also related to sta- 
tion location and, hence, salinity as reflected in only one occur- 
rence of P. aztecus at the extreme upriver sites. 


Callinectes sapidus, blue crab.—The blue crab was caught 
throughout the North and South Santee Rivers during all 
seasons. Catches did not reflect strong seasonal changes, 
although fewer blue crabs were collected in summer in the North 
Santee River. Catches also appeared to be related to sampling 
location, with fewer blue crabs being caught at upriver stations. 
Size-frequency distribution of blue crabs covered a wide range 
of sizes from 15 to 195 mm, with smaller crabs (< 60 mm) occur- 
ring in fall. 


Notes on postlarvae of commercial shrimp (Penaeus) 


in South Carolina. Contrib. Bears Bluff Lab. No. 33, 8 p. 
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Figure 7.—Seasonal abundance and length-frequency distribution of Penaeus setiferus within the North and South Santee Rivers. Ratios over the bars indicate number of col- 
lections where shrimp were captured to total number of collections at a station. 


Biomass Estimates 


The estimated biomass, expressed in kg/ha, for fishes from 
the North and South Santee Rivers was lower than biomass 
estimates reported for other estuarine systems along the Gulf 
and east coasts of the United States (Table 5). Greatest biomass 
was obtained for northern temperate estuaries such as Nar- 


ragansett Bay, R.I. (Oviatt and Nixon 1973), and Mystic River, 
Mass. (Haedrich and Haedrich 1947), while the number of fish 
per hectare was comparable between these northern estuaries 
and those in South Carolina. The reliability of our biomass 
estimates is confirmed by the identical value (3.8 kg/ha) obtain- 
ed by Shealy et al. (1974) in other South Carolina estu- 
aries. 


Table 5.—Estimates of density and number of individuals/hectare for fishes caught by trawls from estuaries along the Gulf 
and east coasts of the United States. 


Biomass Density 

Geographic area (kg/ha) (no./ha) 
Mystic River, Mass. 26.16 462 
Narragansett Bay, R.1. 31.68 290 
North Santee River, S.C. 3.9 287 
South Santee River, S.C. 3.8 303 
Cooper River — Charleston 

Harbor and Edisto system, S.C. 3.8 433 
Doboy Sound, Ga. 10.7 4,1 
Galveston Bay, Tex. 16.57 8,511 


Gear 
4.8 m semiballoon trawl 
9.2 m balloon trawl 
6 m semiballoon trawl 
6 m semiballoon trawl 


6 m semiballoon trawl 
12.2 m balloon shrimp trawl 
3 m otter trawl 


Reference 
Haedrich and Haedrich (1974) 
Oviatt and Nixon (1973) 
present study 
present study 


Shealy et al. (1974) 
Hoese (1973) 
Bechtel and Copeland (1970) 
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Figure 8.—Abundance of A) Penaeus aztecus and B) Callinectes sapidus. Ratios over the bars indicate number of collections where shrimp 
were captured to total number of collections at a station. 


We obtained the following density estimates of decapod 
Crustacea from the Santee system: 


Biomass Density 

(kg/ha) (no./ha) 
South Santee S55) 836 
North Santee 1.9 255 


These estimates are comparable to 6.1 kg/ha and 1,190 in- 
dividuals/ha reported by Hoese (1973) for all invertebrates col- 
lected from Doboy Sound, Ga. 


DISCUSSION 


The distributional patterns of estuarine fishes and decapod 
Crustacea are influenced by numerous environmental factors. 
Factors such as salinity (e.g., Gunter 1938, 1945, 1961; Kilby 
1955; Kinne 1966; Copeland and Bechtel 1974), temperature 
(Gunter and Hildebrand 1951; Reid 1954; Kinne 1963), substrate 
and detritus (Carr and Adams 1973; Mills 1975; Livingston et al. 
1977), and river discharge (Aleem 1972; Ruello 1973; Livingston 
et al. 1977; Glaister 1978) influence animal distributions, with 
the extent of these influences dependent on spatial (habitat) 


dimensions as well as individual and specific tolerances. 
Laboratory studies are generally concerned with the interrela- 
tionships between biological response and multiple environ- 
mental factors acting in concert. However, application of 
laboratory methodology to ecological field studies is often quite 
difficult (Alderdice 1972), especially when dealing with mobile 
organisms such as fishes and decapods. The interpretation of 
results concerning distribution of these organisms within the 
Santee system is no exception to this difficulty. Nevertheless, it 
is possible to make some interpretation of community stability 
and specific distributional patterns based on the information 
collected over the intensive 2-yr sampling period. 

The freshet in spring of 1975 appeared to have the most pro- 
nounced singular effect on species composition and abundance. 
The total number of species collected was lower at that time 
than at any other during the sampling period. This was par- 
ticularly noticeable at the upriver stations. Abundance of in- 
dividual species such as Micropoganias undulatus, Anchoa 
mitchilli, and Trinectes maculatus were also lower at these sta- 
tions, which also may be attributable to flood effects. The ef- 
fects on the decapod crustaceans and other numerically domi- 
nant fishes were not obvious. Calder et al. (1977) also reported 
alterations of species composition and density among benthic 
organisms collected from the Santee system during 1975 and 
1976; however, they noted that the flood most affected benthos 
in the lower, usually more saline reaches of the river where an in- 
crease in species normally associated with greater freshwater in- 
trusion into the lower estuary occurred. Others (Andrews 1973; 
Boesch et al. 1976) have noted that effects of lowered salinity 
from floods are greatest among meso- or polyhaline species, but 
the magnitudes of the effects differ for epifaunal, infaunal, and 
highly motile organisms. The depressed species number ob- 
served by us may reflect the tendency of fishes and decapods to 
escape from areas whose salinity is drastically lowered by flood- 
waters or, in the case of juveniles and small-bodied species, may 
be attributed to their being flushed downstream and out of the 
system. 

The positive correlation between salinity and number of 
species in the Santee system agrees with results obtained by 
Gunter (1961), who noted that the number of species increased 
toward the lower reaches of estuaries where there occurred a 
mixture of euryhaline and marine stenohaline species. Hoff and 
Ibara (1977) found that in a New England estuary the number of 
species was greatest at stations which had the greatest fluctua- 
tion in salinity. Both species number and the community 
assemblages defined by us for the Santee system reflect in- 
creased diversity with proximity to the river mouth. Also, most 
assemblages defined for the Santee system consisted partially of 
euryhaline species. This is not an unusual occurrence within 
estuaries. Pearse (1936) noted that the estuarine fauna consists 
of marine or marine-derived species, and Weinstein (1979) 
stressed how depauperate the shallow marsh estuarine fauna 
would be if all transient marine species were removed. The 
distribution of the endemic estuarine species appeared to be 
more restricted than that of the marine transients. Nevertheless, 
we observed no abrupt faunal changes along the salinity 
gradient in the Santee system. Rather, the faunal assemblages 
overlap and do not exist as sharply delineated groups. This no 
doubt results from the different tolerances of juveniles and 
adults; the effect of salinity, in concert with other factors, on 
reproduction; and the highly compressed nature of salinity 
regimes in South Carolina estuaries as compared with many 
estuaries elsewhere. 
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As indicated by Pearson product-moment correlations, 
temperature, depth, and dissolved oxygen also affect com- 
munity composition and abundance. The positive correlation of 
number of species and number of individuals with temperature 
is not at all surprising when one considers that species composi- 
tion was most diverse during summer in both rivers. The huge 
influx of Penaeus setiferus and, to a lesser extent, P. aztecus 
into the estuary during summer and fall probably accounts for 
this correlation. The association between depth and number of 
species and individuals is more difficult to explain. All collec- 
tions were made in the channel where depths ranged from 2 to 8 
m in the North Santee River and from 1 to 5 m in the South 
Santee River. Although the range in depths sampled is slight, 
sufficient salinity stratification may exist in the Santee system so 
that higher salinity water occurs in the deeper channel regions. 
This may indeed be true for the South Santee River which 
receives less freshwater input. Also, salinity stratification may be 
greater on the floodtide, where samples were collected (Mathews 
footnote 4.) Since there is a positive correlation of species 
number and abundance, the correlation between depth and 
species composition and abundance is most likely a secondary 
effect. Similarly, the negative association between dissolved 
oxygen and abundance which was noted only for the South 
Santee River may be explained by lower dissolved oxygen values 
in the deeper, more saline channel areas. We realize the correla- 
tions are simplistic and that misinterpretation can result from 
speculating about cause and effect relations in correlation 
analysis (Sokal and Rohlf 1969). We are merely presenting this 
information as untested hypotheses. 

Peaks of abundance for the numerically dominant species 
were not generally consistent over the 2-yr sampling period, but 
peaks of maximum richness (number of species) consistently oc- 
curred in summer. This observation compares favorably with 
those of Livingston et al. (1976) for fishes and invertebrates of 
Apalachicola Bay, Fla. They noted a relatively stable ap- 
pearance of organisms from year to year, but considerable 
within-species variability in annual abundance. Temporal parti- 
tioning by our dominant species was not as noticeable as that 
described by Livingston et al. (1976). Dominant fishes were 
present in the Santee system throughout the year and showed 
fairly equitable abundances, although M. undulatus and A. 
mitchilli dominated our catches in winter and spring. Penaeus 
setiferus was much more regular in its pattern of appearance and 
abundance. Although regular fluctuations in species composi- 
tion over time may indicate that an estuary is not stressed (Liv- 
ingston et al. 1976), we feel that the year-round presence of 
stress-tolerant estuarine species better indicates temporal stability 
than overall stability of the estuarine system. We relate such oc- 
curance to a protracted spawning season in warm temperate areas 
which enable some element of the population, probably juveniles, 
to be present in the estuary year-round. 

As the length-frequency polygons for selected species showed, 
the Santee system fish fauna captured during this study are 
primarily composed of immature fishes. Some larger mature in- 
dividuals were collected, but the Santee system functions 
strongly as a juvenile fish habitat. The importance of estuaries 
as nursery areas is well documented (Gunter 1961; Wallace and 
Van der Elst 1975; Livingston et al. 1976; Weinstein 1979), and 
the attraction of young fish to estuaries is attributed to 
physiological suitability in terms of physiochemical features, an 
abundance of food, and protection from predators (Gunter 
1961; Van Engel and Joseph 1968’; Wallace and Van der Elst 
1975). 


Although Wallace and Van der Elst (1975) and Livingston et 
al. (1976) also found that juveniles predominated in their 
samples, we suspect that sampling design and gear selectivity 
may have biased our results toward juvenile fishes. Our choice 
of fixed stations is certainly biased and lends itself to sampling 
error that would have been eliminated or reduced by a stratified 
random design (Markle 1976). We are, therefore, not able to 
determine the influence of movements by the fauna between the 
shoals and the channel. Because trawling is inherently variable 
(Taylor 1953), a repetitive method of collection would have 
allowed for statistical analysis of sampling efficiency to deter- 
mine whether hauls taken at different times in different places 
did indeed have significantly different catches (Barnes and 
Bagenal 1951; Livingston 1976). However, even with successive 
samples, it is difficult to determine whether variability arises 
from the spatial distribution of the organisms or from the gear 
utilized (Taylor 1953). The susceptibility of organisms to fishing 
gear undoubtedly has influenced perception of spatial and tem- 
poral patterns (Markle 1976). The relatively small, fine-mesh 
bottom trawl used in our study is selective toward capture of 
slower, smaller fish. The relative absence of great numbers of 
older, larger fish from our trawl catches cannot be attributed en- 
tirely to migration or habitat selection, but in all likelihood 
reflects at least partial avoidance or escapement from the 6 m 
trawl (Shealy et al. 1974). 

Habitat differences between adult and juvenile fishes may 
also account for the lack of large fish in our samples. Habitat 
preference varies with the species and also with age (Wallace and 
Van der Elst 1975; White and Chittenden 1976), so that feeding 
and residential grounds of adult fishes often are separate from 
their spawning grounds and nurseries. If spatial separation exists 
in South Carolina waters, then our survey was biased toward 
collection of juveniles found primarily in the channel. However, 
tidal creeks of the Cooper River which are comparable in sa- 
linity to those near the intermediate and upriver stations oc- 
cupied in the Santee system were dominated by young-of-the- 
year marine euryhaline species such as M. undulatus, A. 
mitchilli, L. xanthurus, B. chrysoura, and Paralichthys 
lethostigma (Turner and Johnson 1974). Although the impor- 
tance of tidal creeks in the Santee system as nursery areas can 
only be inferred, it is likely that the limitation of our survey to 
the channel resulted in minimal estimates of juvenile abundance 
for the river system. 

The lower estimated biomass of fishes in the Santee system 
and other South Carolina estuaries is a direct function of the 
predominance of juvenile fishes in our catches and the effi- 
ciency of the sampling gear used. Whereas the density of fish 
from this area compares favorably with other regions, the 
biomass is much less. The large biomass of fishes in New 
England estuaries is primarily due to large catches of winter 
flounder, Pseudopleuronectes americanus (Oviatt and Nixon 
1973; Haedrich and Haedrich 1974). A comparison of biomass 
and density estimates from this study and others (see Table 5) 
which used small trawls towed in the channel with investigations 
which incorporated shallow tidal creek and marsh sampling 
(e.g., Turner and Johnson 1974) indicates that the most produc- 
tive areas are the marsh-creek habitat. Because these areas of the 
system were not sampled and the efficiency of our gear was low, 
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estuarine fish nursery grounds as natural communities. U.S. Fish Wildl. Serv. 
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our biomass and density estimates should also be considered 
minimal. 

The presence of juvenile fishes in the Santee system is 
especially important in considerations concerning the effects of 
rediversion. Juvenile stages of resident species and many 
estuarine transient species are tolerant of and may even be most 
abundant in lower salinity water (Gunter 1961). Therefore, we 
believe that the nursery habitat for resident estuarine fishes will 
not be detrimentally affected and may be increased by re- 
diversion. 

Because rediverted flow of water through the Santee system 
will be moderate compared with the tremendous discharge of 
freshwater (9,100 m?/s) put into the Chesapeake Bay estuarine 
system by Hurricane Agnes (Chesapeake Bay Research 
Council 1973), we do not anticipate that juvenile fishes will be 
passively swept from the Santee Rivers into the coastal area. In 
contrast, the food supply of fishes may be altered in that sup- 
plies of benthic organisms could increase in oligohaline and 
brackish water areas but decrease in lower reaches of the river. 
This effect could be particularly detrimental if it occurred 
during summer. Andrews (1973) noted that floods during warm 
seasons cause silting and an influx of excessive nutrients and 
organic matter, with consequent algal blooms and stratification 
of waters. These factors may, in turn, lead to low dissolved 
oxygen conditions. During other seasons, increased accumula- 
tions of detritus caused by increased riverflow and salinity 
alterations could actually be beneficial to microorganisms and 
detritivores such as isopods, amphipods, and some decapods. 
Detritus also serves as the major energy base utilized by 
juveniles of most fish species from sea grass beds (Carr and 
Adams 1973) and is probably important as a direct or indirect 
source of food for many fishes in the Santee system. 

Sustained abundance of Penaeus setiferus in the Santee 
system is questionable following rediversion. Shrimp are known 
detritivores, and large areas of brackish/salt marsh and estuary 
with substantial land runoff are considered to be conducive to 
good shrimp production (Bishop and Shealy 1977). Rediversion 
will cause waters to inundate many areas and should result in a 
seaward progression of freshwater and brackish water plant 
communities. Because the total area of estuarine habitat should 
effectively be moved seaward, a decrease in actual acreage 
available as nursery habitat may result; yet lower salinity condi- 
tions are still likely to exert the greatest influence on shrimp pro- 
duction. Young P. setiferus are most abundant in salinities 
<10%., whereas young P. aztecus are most abundant in 
salinities from 10 to 207, (Gunter et al. 1964). Despite these op- 
timum ranges, Barrett and Gillespie (1973, 1975) have suggested 
that an inverse relationship exists between the amount of 
freshwater introduced into coastal Louisiana and the catches of 
brown and white shrimp. Also, increased turbidity and hyper- 
trophy may inhibit photosynthesis so that an initial reduction in 
oxygen may occur in bottom waters. Others (Hildebrand and 
Gunter 1953; Copeland 1966; Aleem 1972; Glaister 1978) have 
noted a positive relationship between shrimp abundance and 
river discharge, but not all of these studies indicated that abun- 
dance was increased within the estuary. 

Blue crabs will probably be little affected by rediversion be- 
cause of their high mobility and tolerance of low-salinity condi- 
tions, but increased siltation from rediversion could hamper 
their respiration. Although blue crab populations sustained little 
damage following Hurricane Agnes, mortalities in Chesapeake 
Bay were attributed to increases siltation, low dissolved oxygen 
levels, and red tide (Chesapeake Bay Research Council 1973). 


From the available data and published literature, it appears 
that abundance of resident species of decapod crustaceans and 
fishes from the Santee system will be enhanced by rediversion if 
riverflow increase is gradual and properly regulated during 
natural freshets and warm weather periods. Such regulation will 
insure that salinities do not reach levels below tolerance and that 
hypertrophic conditions do not occur. On the other hand, the 
effect of rediversion on transient species such as sciaenid fishes 
and penaeid shrimps may not be beneficial. A decrease in 
nursery habitat following rediversion would lower abundance of 
these species. This is indicated by two aspects of our results: 
Both biomass and density of the South Santee River, which cur- 
rently receives less freshwater input, were higher than that of the 
North Santee River; and both abundance and biomass of domi- 
nant species appear to be generally lower at the stations furthest 
upriver. Species diversity will undoubtedly decrease due to 
decreased utilization of the lower portion of the Santee Rivers 
by marine stenohaline species. Lower salinity conditions at and 
near the mouth should deter penetration of the estuary by these 
species. Whether decreased abundance of marine transients in 
the vicinity of the upriver stations following rediversion will be 
offset by more optimum salinity conditions and increased abun- 
dance nearer the mouths of the rivers is supposition. It appears 
that rediversion is certain; therefore, it is imperative that careful 
monitoring of biological and hydrographic conditions occur 
during and after rediversion in order to ascertain effects on the 
estuarine biota. 
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Equipment and Techniques for Handling 
Northern Fur Seals 


ROGER L. GENTRY and JOHN R. HOLT’ 


ABSTRACT 


This paper describes techniques for capturing, immobilizing, and marking northern fur seals,Cal- 
lorhinus ursinus, of all ages and both sexes. It is intended as an explicit field manual for handling this species, 
and as a source of ideas for handling other eared seals, wild or captive. Furthermore, it advocates capturing 
and manipulating wild seals as an approach to investigating behavior. The paper deals only with short term 
physical restraint; immobilization with drugs is not considered. Emphasis is placed on the importance of ani- 
mal behavior in determining the design of capture equipment and techniques. Because of this dependence, cap- 
ture techniques must change seasonally as behavior changes, and different techniques may be needed for 
different species. A wide range of techniques is considered, from the capture of single pups to the mass cap- 


tures of adult females. 


INTRODUCTION 


Field studies on the Otariidae (fur seals and sea lions) have not 
matured beyond the level of passively observing wild populations 
(Gentry 1975). The limitations of this approach are obvious; it will 
never reveal cause and effect relationships, and it will not serve for 
detailed hypothesis testing. Without adopting more complex field 
methodology otariid studies are not likely to match the level of 
sophistication reached in primate field studies (compare Ronald and 
Mansfield 1975 against Chevalier-Skolnikoff and Poirier 1977). 

The use of manipulative field experiments by primatologists marks 
the difference between the two disciplines. Otariid researchers too 
can perform experiments on wild animals given a set of handling 
techniques, some simple tools, and the conviction that small distur 
bances are justifiable. Obviously, not every animal of every species 
can be manipulated. But at least some animals of most species can be. 
The subject of this manual, the northern fur seal, is one of the more 
tractable otariids. 

The equipment and techniques described here were developed dur- 
ing the past 8 yr Some of the methods have been used successfully on 
the Afro-Australian fur seal, Arctocephalus pusillus pusillus, and the 
Antarctic fur seal, A. gazella. With modifications, the techniques and 
equipment could be used on other otariids as well. Some of the equip- 
ment we describe have had a long history of successful use in the Pri- 
bilof Islands, and some we have invented. We developed the 
techniques for using this equipment around two criteria specific to 
our behavioral studies: 1) the methods of capture and handling a 
given animal should cause the least possible disturbance to other seals 
and 2) the prolonged debilitating effects of drugs are to be avoided. 
Because other workers will have different criteria, this manual 
presents convenient starting points for the development of techniques 
that meet other criteria. That is, our techniques are not offered as 
“correct,” only successful. 

We intend this as a field manual for those who have had no pre- 
vious experience with otariids and who must capture and handle ani- 
mals without the aid of experienced help. The immobilization 
techniques are applicable to any captive otariids. All the equipment 
we describe can be built and maintained in the field with minimal 
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tools. Techniques for keeping seals in captivity have recently been 
reviewed (Spotte 1980). 


IMPORTANCE OF BEHAVIOR 


The key to successfully handling wild otariids is knowing their 
behavior thoroughly. Knowing their strengths and weaknesses often 
suggests a design for some special equipment. But more importantly, 
knowledge of how animals act reduces one’s fear of the animals and 
fosters the calm judgement under stress that capture situations 
demand. Inevitably, judgement is most important at the moment of 
greatest physical exertion during a capture. The use of too much 
force can injure or kill the seal, but insufficient force can allow the 
seal to escape and endanger humans. A knowledge of behavior gives 
one the judgement to maintain a balance between force and finesse, 
and the flexibility to improvise during captures. No two animals are 
exactly alike, and no one set of procedures works equally well in all 
captures. Furthermore, the behavior of animals changes throughout 
the year so extensively that seasonal changes in capture techniques 
are required for a given age and sex (Table 1). 

Most of the techniques in this manual take advantage of some spe- 
cial behavioral trait of northern fur seals. If a different species does 
not share that trait the technique will not work as described. How- 
ever, the approach to developing techniques should be the same for 
all species. Basically, one learns the behavioral traits well, and then 
uses those traits for their direct effect, or selectively avoids them. For 
example, northern fur seal males aggressively charge a human in 
response to a direct, fixed stare. Charging is desirable when trying to 
lasso the seal properly, and it can be induced by staring. In contrast, 
charging is not desirable when capturing adult females from within 
the male’s territory, and it may be prevented by averting the face from 
the male. Where possible we advocate capture by trickery, rather than 
by force. 

There are four generalizations about otariid behavior that influ- 
ence handling techniques and equipment. First, the animals will not 
attack a human with the same determination as they would another 
seal. It is usually not appropriate to bolt and run from an attack, rather 
to cautiously withdraw. Overreaction to attack can jeopardize your 
coworkers. Second, otariids are physically strongest in the vertical 
direction due to the development of their pectoral muscles. They are 
powerless on their backs or suspended in the air. Unlike phocids they 
are relatively weak in side-to-side motions, and the design of restraint 


Table 1.—Abbreviated chronology of the fur seal breeding season. 


Date Comments 

Mid-May First territorial adult males arrive. 

Late May First juvenile males arrive along beaches and on haulout 
grounds. Best time to capture adult males on termitory. 

Early June First females arrive and form small groups along water's edge. 
Arrival of new territorial males decreases sharply. 

Mid-June Large juvenile males appear around periphery of breeding 
areas; number of juvenile males on hauling grounds increases. 

Late June Females far enough inland and births are frequent enough to 


allow female captures (noose method) on inland borders of 
breeding areas. 
5 July Peak of pupping season; best time to capture adult females 
using noose method. 
12-15 July Peak of copulations. 
25 July Births too infrequent and females too wary to permit captures 
with a noose. Use hoop net technique. Territorial males aban- 
don territories and can be captured by hoop net; 2-yrold 
juvenile males arrive. 
Small adult males begin short tenures on territories. Mass cap- 
tures of females and pups is now possible. Females begin to 
appear on hauling grounds. 
Many females on hauling grounds, most large males absent. 
Yearling juvenile males arrive; older juveniles move onto 
breeding areas. All pups of the year entering the sea. 
Virtually all males absent, no territorial structure. 
Females begin to wean pups of the year and leave the island for 
the season. 
Very few animals remain. 


Early August 


Late August 
Late August, 
early September 
Mid-September 
Mid-October 


Mid-November 


equipment can exploit this fact. Third, despite their lack of lateral 
power, their biting motions are quickest in that direction. Exercise 
extreme caution while working around the necks, ears, or front flip- 
pers of unrestrained seals. Last, when they bite they usually make a 
single tearing slash at the very surface of their target. People handling 
northern fur seals are spared some injury by wearing loose-fitting 
rain clothing which the seals bite first. 


DESCRIPTIONS OF EQUIPMENT 
Noose Pole (or Choker) (Fig. 1) 


This is the most broadly applicable gear used in handling fur seals. 
It consists of a loop of rope at the end of a light-weight pole. The loop 
goes over the animal’s head and is twisted tightly by rotating the pole 
around its long axis. When properly applied the choker prevents the 
animal from fleeing or attacking. It allows a single person to restrict 
the movements of seals weighing up to 60-65 kg, including adult 
females and 344 yrold males. A second person grasping the hind flip- 
pers is required for lifting the animal or moving it more than a few 


Figure 1.—A noose pole or choker used to control small fur seals. The open loop 
is placed over the animal’s head and the handle is rotated until the loop tightens 
around the seal’s neck. See also Figure 10. 


meters. For holding seals motionless a restraint bar is recommended 
(described below). 

The poles are most frequently cut from 4 cm X 4 cm clear fir (2 in 
x 2 in dimension lumber) of varying lengths determined by the 
application. Corners of the lumber are beveled to an octagonal shape 
to reduce weight and improve the grip. The rope forming the noose is 
typically 1 cm (3/8 in ) hemp. The rope is threaded through two holes 
drilled 15-23 cm (6-9 in) apart near the end of the pole and knotted on 
the opposite side. The rope loop is 95-105 cm (38-42 in) long, pro- 
viding a loop 45-50 cm (18-20 in) deep. 

In making chokers, a balance is struck between weight and 
strength; good quality lumber is essential. Breakage usually occurs in 
poles with knots. Animals snapping at the choker or noose may bite 
through the rope or gradually chew away the end of the choker pole, 
so that it is weakened or the rope noose may pull out. For these rea- 
sons it is advisable to have a spare choker on hand. Also for these 
reasons it is not advisable to use the metal nooses (commercially 
available) used to handle dogs. For restraining animals already con- 
tained in a holding pen or transport box, a 2-2.5 m (6-8 ft) long 
choker provides a good combination of physical control, safe work- 
ing distance, and convenience for working in confined spaces. 
Longer chokers (up to 5 m) are used for other applications, such as 
capturing adult females on the rookery. 


Bamboo Poles 


These are used in varying lengths for fending off aggressive ani- 
mals or for herding groups of animals. Poles 5S m long are appropriate 
for adult males, but shorter lengths may be used when working with 
smaller animals. The bamboo provides a good combination of light 
weight and high compression strength. The best defense with these 
poles is a pushing or jabbing motion aimed at the chest or throat. 

Diagonal wraps of fiber glass (strapping) tape with considerable 
overlap at the ends of the pole, but with 5-10 cm between wraps near 
the middle add strength to the pole and greatly decrease splitting. 
Bamboo stored in a dry, heated building may split badly enough to be 
useless. With a lightweight cord loop at one end, a bamboo pole 
makes an effective long choker for snaring fur seal pups. 


Restraint Bar (or Board) (Fig. 2) 


This device is used for holding small animals stationary, by 
restraining the head so that marks or tags can be applied, harnesses 
can be fitted, or other physical manipulations accomplished without 
danger of the workers being bitten. The restraint bar consists of a 
heavy wooden plank, and a wooden yoke in the shape of an upright 
U. A metal bar is attached with a pivot at one end of the plank so that 
the bar can close down on the plank scissors-fashion. The bar has an 
inverted U or yoke near its center which fits over the animal’s neck 
and into the wooden yolk to form a circle around the animal’s neck 
when the bar is closed. Both the wooden yoke and the U shape in the 
metal bar may be fairly broad, typically 18 cm wide and 13 cm deep 
(7 X 5 in). When the bar is closed, the opening between the bar and 
the wooden yoke should be about 10 cm (4 in). The wooden yoke is 
generally made of two pieces of 5 cm (2 in) dimension lumber laid 
out parallel on the base plank about 2.5-5 cm (1-2 in) apart, so that 
when the metal bar closes down, it falls between the two wooden 
yoke pieces and can lie flat against the base plank. The plank is 5 x 
20 cm (2 X 8 in) dimension lumber The bar is made from 2 cm 
inside diameter iron pipe (3/4 in plumbing stock) or thick-walled 
electrical conduit. Metal conduit is much more easily bent to the 
sharp curves necessary: kinks in the pipe drastically reduce the 
strength and life-span of the bar 
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Figure 2.—Restraint devices used to immobilize small to medium sized fur seals. A) A bar with 
a deep yolk which restrains by preventing the animal from backing up. B) A bar with a shallow 
yolk which restrains by pressing down on the seal’s neck. C) A hold-down fork that pins the 
animal’s head to the ground using hand pressure only. D) A board with “V” notches which 
wedge behind the skull and prevent the animal from backing up. 


This bar provides restraint by producing downward pressure on the 
animal’s neck. The sides of the inverted U and wooden yoke prevent 
the animal from turning its head from side to side, so that the animal 
can escape only by “backing out” of the bar Downward pressure on 
the bar may restrict the animal’s air passage, and inhibit breathing. 
For this reason one person must always attend the seal, varying the 
pressure on the bar to maintain a balance between restraint and 
asphyxia. This person must be familiar with symptoms which seals 
display under physical and physiological stress. This device is strong 
and portable, but large, strong seals can stand up with the restraint 
bar around their necks. 


Another version of the restraint bar (Fig. 2d) uses a plywood board 
with two vertical plywood “blades” attached to one end. The upper 
blade is hinged at one side and passes in front of the attached lower 
blade when closed. Each blade has a 65° angle V notch, 20 cm (8 in) 
deep, cut in its center so that the closed blades create a diamond 
shaped opening. Restraint results from the opening being adjusted 
around the neck so that the skull cannot be withdrawn backward 
through the diamond. The upper blade can be tied in place, and straps 
can be placed over the seal so that the animal need not be attended 
continually. The seal’s airway cannot be obstructed by downward 
pressure because of the depth of the lower V notch. This board can be 


lifted so that the seal can be carried about. Large seals cannot stand 
up in this device because they push against the board rather than the 
ground. Milk samples can be taken from restrained females through a 
sliding door under the teats.’ 


Hold-Down Fork (Fig. 2c) 


This is a 2 m long metal pole with a U-shaped fork at one end. The 
prongs of the fork are about 15 cm long and about 15 cm apart. The 
entire device can be constructed from galvanized plumbing pipe and 
pipe fittings. It is used to pin the head of a small animal to the ground. 
It may be used in place of a hold-down bar in situations where the 
animal must be held in position at the location of capture. It is best 
applied when the animal must be restrained for only very short peri- 
ods of time. Restraint with the hold-down fork is not nearly as secure 
as with the restraint bar. 


Nets 


Large hoop nets (Fig. 3) have been used successfully in various 
applications. The basic hoop, fabricated of 3.75 cm (1 1/2 in) alumi- 
num tubing is 0.75 m (30 in) in diameter, and has a 4 m handle. Two 
30 cm long diagonal braces extend from the handle to the rm of the 
hoop (not quite tangent to the perimeter). 
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Figure 3.—A hoop net with a handle of aluminum tubing inserted inside a piece 
of aluminum pipe welded and braced to the hoop. 


Proper construction of this hoop will greatly reduce its weight 
without loss of strength. Our most satisfactory design combines alu- 
minum pipe (thick walled) and aluminum tubing (thin walled). The 
circular hoop and diagonal braces are made of tubing. Into a short 
“handle” (about 30 cm) of aluminum pipe attached to the hoop is 
inserted a longer (3 m) handle of aluminum tubing. This arrangement 
weighs little but provides sufficient strength at the point of maximum 
stress where the handle meets the hoop. 

Nets of varying dimensions and weights are attached to this hoop 
depending upon the size of animals to be caught. The most frequently 
used net type is nylon or polypropylene fishing net with roughly 10 
cm mesh openings. 

For capturing adult females and small subadult males, a net with a 
slight taper and a depth of 1.25-1.5 m is appropriate. Pups may be 
caught with this net also, but if numerous pup captures are to be 
made, a smaller hoop and net will be less cumbersome. 

For capturing large subadult males weighing 135-160 kg (300-350 
Ib), just smaller than adult territorial males, the net should be about 2 
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m deep with little or no taper Into the foot of this net is sewn a bag of 
canvas or fiber-reinforced plastic. The purpose of the bag is to restrict 
the animal’s vision, which encourages it to rest more quietly while 
under restraint. Without this restriction the animal will continue to 
struggle, and males of this size are too strong to be restrained by force 
alone. Instead of a bag, a sleeve may be used with grommets installed 
along its border on the deep end. A strong purse string may be woven 
through these grommets and the ends of the net outside the bag. The 
capture is made with the net pursed. The bag is 60-75 cm deep and 
the same diameter as the inside of the net. The bag should be sewn 
into the net deeply enough so that when a captured animal pushes 
against the bag, the force is restrained by the strong net and not by the 
bag within the net. The bag is deep enough to go over the animal’s 
head and part way down it shoulders. 


Transport Boxes (Fig.4) 


These are small lightweight boxes with wire mesh tops used for 
transporting small animals that two people can carry. Dimensions are 
60cm x 60cm x 80cm (24in x 24 in x 32 in) and allow comfort- 
able posture and some movement for an adult female, with space for 
her pup. The boxes are small enough to be loaded easily on a small 
aircraft. “Stretcher” type handles are removable to save space. 


Figure 4.—A transport box with removable handles used to carry fur seal 
females and small males. 


Boxes are built with 1 cm (3/8 in) plywood and 5 x 5cm (2 x 2 in) 
lumber. Galvanized hardware cloth (0.6 cm mesh) is used for the top. 
Completely removable tops are more versatile than hinged tops. The 
plywood cross braces on the tops provide rigidity, safe handholds, 
and some visual screening of the animals from the box carriers. A 
simple, quick-acting latch mechanism is advantageous. For long 
journeys a raised false bottom of slats may be added to reduce contact 
of the animals with their own excrement. See illustration for con- 
struction details. 


Adult Male Marking Box (Fig. 5) 


This apparatus has been described in detail previously (Gentry and 
Johnson 1978); basic information about the device will be repeated 
here. The principle on which the box operates is physical immobili- 
zation through downward pressure. The top of the box can be low- 
ered until the animal is pressed between the top and a false bottom. In 
that position small doors in the top provide access to various parts of 
the seal’s body for tagging and marking. Also the top and false bot- 
tom with the seal sandwiched between can be hoisted as a unit for 
weighing. 


Figure 5.—A box with a specially shaped, moveable roof used to immobilize adult male fur seals using downward pressure. (Reprinted 
with permission of the Journal of Wildlife Management.) 


The box measures 2.4 x 1.1 X 1.2 mhigh (96 x 42 x 48 in). 
Construction is of 2 cm (3/4 in) plywood, thoroughly braced on the 
outside. The box has vertically sliding doors in each end. The remov- 
able top and false bottom are small enough to slide easily up and 
down inside the box. The top has an overall oval dome shape 
(roughly the shape of a prone male seal). Six persons can carry the 
assembled box for short distances. 


Noise Makers 


Lightweight metal cans (2 to 5 gal fuel containers are appropriate) 
with a few loose rocks inside, make effective noise makers that are 
useful for driving large numbers of animals. These are shaken, or are 
rolled along the ground behind moving animals. 


Marking 


Some kinds of research require repeated observations on the indi- 
vidual animals within a season, or following known animals over 
periods of several years. A few animals (particularly older males) 
may be recognized repeatedly by characteristic scars or physical 
abnormalities. However, positive identification from one field sea- 
son to the next, or among different observers requires unequivocal 
marking of individual animals. 


Tags 


Flipper tags have been the mainstay of the marking effort in the fur 
seal program. Although we may apply more than one type of mark to 
a@ given animal, the flipper tag serves as the ultimate identifier. Two 
types of tags are currently in use, both originally designed as cattle 
ear tags. 

Monel tags are U shaped plates of monel metal, which, when 
closed, form a flattened oval ring through the animal’s flipper. Once 
applied the tags measure approximately 0.9 cm wide by 4 cm long 
with numerals 0.6 cm high stamped into the metal. In good weather 
conditions these tags can be read with binoculars at distances up to 3 
or 4 m, or with high-powered spotting telescopes (45 to 60 x) up to 
35 or 40 m away. Monel tags cause mortality. Their use on pups has 
been discontinued in favor of toe clipping (Johnson 1971). 

Because the portion of the tag that penetrates the flipper is a flat 
blade (about 0.6 cm across), some injury may occur to the animals as 
the tags rotate. (We have no confident assessments of adult mortality 
which may be introduced by these tags, though we have seen many 
adult animals wearing the tags without apparent adverse physical 
effects.) Some improvement in the tag may be made by bending the 
portion that penetrates the flipper into a round post. This modifica- 
tion can be made with pliers, and the burred edges eased with a 
motor-driven wire wheel. 

Jumbo Rototags are two-part plastic tags 1.9 cm by 4.4 cm. They 
come in vanious colors with 1.25 cm high black numerals heat- 
stamped on both the upper and lower parts. These tags can be read by 
eye at 3-5 m, and may be read up to 100 m away ( occasionally far 
ther) with spotting telescopes. 

One advantage of the Rototag is that the portion which penetrates 
the flipper is a round post (about 0.5 cm in diameter) which allows 
the tag to spin freely on its axis without enlarging the hole in the flip- 
per. We do not yet have estimates of loss rate for Rototags in fur seals. 
Some tags pull through the hole in the flipper, and a few tags break. 
Tags applied 5 yr ago still have discernable numbers though some 
more recently applied tags have faded. (Note: Rototags seem more 
adequate for fur seals than for other otanids (Hobbs and Russell 
1979).) The tags are applied to the posterior (trailing) edge of the 


front flipper, about 3 cm forward of the edge. There are two sites for 
tag placement. One site is about 2 cm distal to the hairline across the 
flipper. This site contains veins and nerve tissue, so tagging should be 
done cautiously. In adult males the hairline site is too thick and 
fibrous to penetrate with Rototags, so either a monel tag can be used, 
or the animal can be tagged at the second site, between the 4th and 
Sth digits. The drawback of the latter site is that tags there are easily 
torn out, especially in large males. 


Pelage Marks 


In addition to tags we generally apply a larger, more visible mark to 
the pelage. Large (15-20 cm high) letternumber combinations may 
be painted on the animals with bleach. We use a catalytic mixture nor- 
mally available only to beauticians called “Lady Clairol Ultra-Blue.” 
This viscous liquid is painted on the dry or barely damp fur, and 
rubbed in. Within 1 to 3 d the dark guard hair is marked with a pale 
color ranging from a very bright beige to a fairly dark orange. If the 
mixture is rubbed into the fur carefully, and the animal does not go 
immediately into the water, the bleach can generally be expected to 
“take,” though our results have been varied; rarely does the process 
fail to make a visible mark. A bleach mark considered “good” in one 
year can usually be seen the following year, though it will generally 
be faint and may not be readable. It is rare for bleach marks to last 
more than one winter. This means that for an animal to be followed 
for more than 1 yr (except by tags), it must be recaptured the follow- 
ing season and be remarked. 

Marks may also be clipped in the guard hair with scissors. Clip- 
ping away the dark guard hair reveals the lighter underfur beneath, 
and leaves a readable mark without danger or injury to the animal. 
We have no assessment of thermal stress caused by this mark. Clip- 
ping marks is very slow work and the clipper’s hands quickly tire. 
Clipped marks last perfectly well through one breeding season, but 
cannot be seen the following season. Marks clipped in the fur of pups 
early in the season will probably be completely grown in by mid- to 
late-October. 

Two types of paint have been used with some success. Quick- 
drying highway or traffic paint adheres to the guard hair reasonably 
well, and if the animal does not go immediately into the water, the 
paint may stick for 2 to 3 wk. We use this paint to temporarily mark 
animals which we intend to capture and mark permanently at some 
later date. The paint can be applied with a sponge attached to the end 
of a bamboo pole. Identification by this method involves memorizing 
the irregular splotch marks of paint, or drawing sketches of the pat- 
terns on history cards for individual animals. The history cards 
should by updated frequently, since the paint gradually flecks off, and 
the size, shape, and pattern of the marks change with time. 

Workers under contract to the National Marine Mammal Labora- 
tory used a plastic resin naphtha-based paint marketed by Lenmar, 
Inc., which provided long-lasting (6 to 8 wk) marks in the pelage of 
fur seals (Griben 1979). Later examination of pelts from animals 
taken in the commercial harvest on St. Paul Island revealed abnor- 
malities in both the guard hair and the underfur where paint was 
applied. We do not recommend the use of this naphtha-based paint on 
fur-bearing animals until more work is done to determine potential 
damaging effects. 

We believe that branding with a hot iron is, on balance, the most 
humane way to mark seals permanently with a large mark suitable for 
behavioral research. It is preferable to slightly injure an animal once 
in its life by branding than to recapture it every year to refresh tempo- 
rary marks, such as bleach or hair clipping provide. When executed 
carefully, skin-branding provides a good mark without serious injury. 
We have followed skin brands on some seals for 5 yr 


We use a hot iron in two ways. For temporary marks that last 
through one season, but that may not be readable in the following 
season, we use the iron to singe away the guard hair, leaving the 
lighter underfur exposed. Once the equipment is set up, this “hair 
branding” technique is very fast for marking large numbers of ani- 
mals. The cleanest marks result from branding wet animals because 
water prevents the hair around the brand area from flaming. If equip- 
ment is available this technique is preferable to hair clipping. 

Skin-branding requires more caution and attention to detail than 
hairbranding. The very dense underfur absorbs large amounts of 
heat from the branding iron and, when burned, this fur may cake up 
to form a protective layer over the skin. We lightly singe the hair, then 
brush away the caked ash with a glove or a stout brush until the 
unburned underfur is visible. Then the still-hot iron is carefully reap- 
plied to the same area, and hair is lightly singed again. Three or four 
applications of the iron may be necessary before the iron contacts the 
skin directly. A light, quick application of the iron to the skin is suf- 
ficient for scarring. Occasionally the branding iron may have to be 
reheated to its original cherry red color in order to penetrate to the 
skin. Burning the underfur also produces dense smoke that obscures 
the work area. Of 120 animals observed in 1978 which had been 
skin-branded with letter/number combinations in 1977, we saw no 
animals with inflamed wounds, though several of them had parts of 
the marks missing because the branding iron had not penetrated the 
underfur quite far enough. 

It is important that the burning surface of the branding iron be 
curved in cross section, and have well-rounded edges. (We used 
round stock for fabricating our brands.) Sharp corners can burn 
quickly through the animal’ skin to the flesh and leave long-lasting 
open wounds. 

The location of pelage marks is important. Marks aligned over the 
animal’s spine are the easiest to apply but can only be read from 
directly above, or if the animal lies on one side with its back directly 
to the observer. Such views are rare, so usually only part of the mark 
is seen. Marks on the flanks can be obscured by other animals. Two 


identical marks, one on each shoulder high enough that they almost 
touch at the mid-line of the back, are preferable. One mark or the 
other can usually be seen from any angle except when the animal lies 
on one side with its belly toward the observer. In this position its flip- 
per tags can usually be read. 

Whatever other marks are used, seals should also be given a spot 
(by clipping or branding) on the head. Guard hair should be removed 
in a circular patch 6-8 cm in diameter. In tightly packed groups of ani- 
mals head marks are prominent and notify the observer to continue 
watching the animal until its mark or tag can be read. These marks 
have allowed us to identify a large number of animals that would 
never have been located by pelage marks or flipper tags alone. We 
now mark the heads of all animals we need to follow, regardless of 
what other types of marks or tags we may apply. Adult males are 
prominent enough without our applying head marks. 


Harnesses 


We use harnesses for attaching depth recording instruments to 
seals (Kooyman et al. 1976), for moving seals in captivity, and for 
securing special “chastity belts” to captive females during studies of 
estrus (Fig. 6). Harnesses are made of tubular nylon “rope” available 
in mountaineering stores. This rope lies flat like a double ribbon and 
is 2.5 cm wide. It is flexible and light, yet strong, it will not kink if 
rolled, and it is available in bright colors for easy visibility in the 
field. The harness has one strap around the neck small enough in 
diameter that it will not pass backward over the scapulae and front 
flippers, the point of greatest girth in otariids. It has a chest strap pos- 
terior to the front flippers which prevents the seal from backing out of 
the neck strap. The neck and chest straps are attached ventrally by 
two “belly” straps which prevent the harness from rotating around 
the seal’s body, and by a dorsal midline “back” strap. Harnesses that 
carry instruments use a back strap made of stiff nylon belting material 
5 cm wide. The neck and chest straps are adjusted to length by pass- 
ing them through double “D” rings attached at the juncture of these 


Figure 6.—A harness around the neck and chest of an adult female fur seal used to secure a “chastity belt” during 
experiments on estrus. The female is restrained by a hold-down bar. 


straps with the back strap. The harness pieces are joined together 
with soft steel rivets so that if a released seal fails to return these rivets 
will soon rust, allowing the harness to fall apart. 

Harness sizes and proportions vary, depending on the age and sex 
of the seal. The dimensions of a harness for a juvenile male seal 
weighing 65 kg (about 145 lb) are given in Figure 7. Note that the 
belly straps are longer than the back strap to accommodate the large 
chest muscles when the seal sits upright. No such accommodation is 
necessary in harnesses for females. 
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Figure 7.—The dimensions of a nylon harness used to attach a time-depth 
recorder to a 65 kg juvenile male fur seal. 


CAPTURE TECHNIQUES 


Adult Males 


Teamwork is more important in capturing adult males than in any 
other kind of capture. One person should be responsible for deter- 
mining which animals are to be captured, what efforts are needed to 
keep the captures running smoothly, and what steps are necessary to 
alleviate problems that arise (which rope to tighten, how to move an 
animal into a better position, what direction to pull, who on the work 
crew should move to another rope, etc.). The crew should be enthusi- 
astic for the work to be done and have good rapport with the leader. 
Before marking begins the leader should demonstrate how to move 
around the animals, how to stop a charging male with a bamboo pole, 
and generally what to expect. He should stress the need for concerted 
group action, and the need for decisive individual action when some- 
one is endangered. He should also stress that while there is no shame 
in mmnning from a charging adult male fur seal, the worker who runs 
at the seal’s first snort may abandon someone in a dangerous position 
and undermine the confidence of the rest of the crew. The leader must 
anticipate that some workers, when excitement is high, or when there 
has nearly been an accident, tend to vent their emotions through 
excessive roughness to the animals. Such persons are not allowed to 
work on our projects. In addition, we forewarn our workers that they 
may respond to stress in these ways, and that such actions are inap- 
propriate and unacceptable. 

Terrain is important to success in capturing adult territorial males. 
Most of our 155 successful captures have been made on a broad flat 
area measuring approximately 40 m by 100 m with a slight uphill 
slope at one end. The surface is hard-packed dirt or bedrock littered 
with fist- to man-size rocks. At another site, attempts to drag the ani- 
mals up a narrow sloping beach of large boulders proved unsuccess- 
ful. The animals were able to wedge themselves behind the large 
rocks, and no amount of pulling would move them up the slope. 

Marking may begin soon after males start arriving in May, and 
continue until the animals are too numerous to permit safe work, or 


until females begin arriving on the site. Optimum weather conditions 
for marking are heavy overcast, no precipitation, and a moderate 
wind. Rain makes both the ground and the animals slippery and 
treacherous, and bleach marks often do not “take” on wet fur. Work 
may be done on sunny days or warm days with no wind, but only 
with considerable caution: the animals are easily overheated. 

The capture consists of getting two ropes (or lassoes) around the 
animal, and quickly dragging it to the marking box. Typical ropes are 
1 cm (3/8 in) hemp 12-15 m long. At this time of year male fur seals 
are probably at their peak weight, and their necks are larger in diame- 
ter than their heads. A noose around the neck of an animal will 
merely slip off when the animal offers any resistance to being pulled. 
Nooses must go around the neck of the animal and behind one front 
flipper. When the two ropes are correctly applied each should pass 
over the animal’s back, one going behind each front flipper, and 
crossing each other at the animal’s chest (like bandoliers) (Fig.8) with 
the two ropes emerging from the loops close together at or below 
chest level. 


Figure 8.—An adult male fur seal showing the proper placement of two ropes 
across the chest used to drag the animal into a box for marking. 


The animal should be approached by as few people as possible: 
one person manipulates the noose, one maintains tension on the rope, 
and one person assists in maneuvering the animal. A fourth person 
may stand ready with a bamboo pole a meter or so behind the work- 
ing crew to provide assistance if needed. This small number of peo- 
ple seems to cause less disturbance, and the animals remain quieter 
and easier to work with than with larger crews. The lasso is hung on 
an 8 cm diameter hook at the end of a 4-5 m bamboo pole. The hook 
can be tghtly strapped onto the pole with fiber tape about 5 cm back 
from the tip in the fashion of a boat hook. The lasso is not thrown 
because the flying rope frequently alarms the animal. The rope loop 
is dropped over the animal’s head, and then arranged with the hook in 
such a position that the seal may step through it with one front flipper. 
By staring or approaching to within 2-3 m (ready to jump back 
quickly) one person can induce the seal to step forward into the loop, 
or to make a short charge or boundary display. At this instant the per 
son controlling the end of the rope takes up the slack and pulls the 
noose tight in position across the seal’s chest and behind one flipper. _ 
Some experimenting will show how best to position the rope to 
achieve this effect, and what sorts of noises or motions work best to 
stimulate the animals to move forward. 


While the two ropes are being positioned it is important that the 
animal remain facing the marking crew and stand its ground. For this 
reason late May and early June are the best times for marking adult 
males. The animals are still sparsely distributed, and their territorial 
defense is strong. This is the time of year when males are most likely 
to continually face toward approaching humans and hold their ground 
rather than turning and munning; they are most likely to make the 
lunges or boundary displays necessary for getting the rope loop 
behind the front flipper Only when the animal is facing the direction 
it is being pulled can it be held successfully in the ropes. When the 
seal turns away the ropes are no longer hooked behind the front flip- 
pers, and the nooses simply slide back along the seal’s tapering body. 

To aid in positioning the rope the third member of the front rank 
working crew can stimulate the animal to move by judicious use of a 
bamboo pole. A light touch, or mild poke to the animal’s hindquarters 
will generally cause it to move away from the stimulus; touching a 
front flipper with the pole will induce the seal to retract the flipper. 
These two tendencies are used appropriately to position the animal as 
desired. When inducing the seal to step through the lasso care must 
be taken to avoid touching the front flipper or the seal will retract it 
away from the rope loop and the procedure must be started anew. 
With the rope in place, and a worker maintaining tension on it, a 
fourth member may join the front party with the second rope, which 
is positioned similarly to the first. 

Once the two ropes are properly positioned on the animal, other 
members of the work crew who have stayed 10-20 m back from the 
front rank may come forward and lay hold of the two ropes. The best 
procedure is for the six- to eight-person team to drag the animal to the 
box quickly (at a mun if possible). Moving the seal slowly allows it to 
brace itself against rocks, to resist the movement, or slow movement 
may allow the animal to turn away and slip out of the nooses. 

As the workers drag the seal toward the marking box, one of the 
two ropes is passed through the box and will be used to pull the ani- 
mal into the box. As each worker on this pulling rope approaches the 
box, he releases the rope, runs around the outside of the box, and 
picks up the rope again on the other end. The second rope can be used 
to help control the path of the animal’s slide toward the box. As the 
animal gets close to the box, only one or two people will be needed 
on this controlling rope; others may move to the pulling rope to help 
with the strenuous task of getting the animal into the box. 

Just as the seal is reaching the box it is helpful to have one person 
leave the positioning rope, pick up a 2-3 m pole, and push the animal 
from the back side. The seal will offer considerable resistance to 
entering the box, hooking its flippers on the side, and forcing its head 
against the sides and top of the opening. The person with the pole can 
help by defeating the animal’s holds on the box and allowing it to be 
dragged inside by the other workers. This person also has the clearest 
view of the seal’s body entering the box, and is in the best position to 
shout the order to close the box doors. 

One worker is designated from the beginning to be in charge of 
operating the doors to the box. This is an appropriate job for someone 
who is not a strong puller, or who is uncomfortable working close to 
the animals. As soon as the ropes are in position on the animal and the 
crew is ready to begin pulling, this person should be alerted to take 
position standing astride the top of the marking box. Once the seal is 
inside the box, the doors are dropped. The first door to be dropped is 
the one toward which the seal is being pulled (between the seal and 
the workers pulling it). Tension on the rope can be maintained by the 
pullers (holding the animal inside the box) while the rear door is 
dropped and the animal is contained. 

An attentive person with a bamboo pole can stop all but the most 
concerted charge by a male fur seal. The most successful technique is 
a sharp jab or push with the end of the pole to the animal’s chest or 


throat. A balance must be struck between very hard blows and accu- 
rate ones. The harder the pole is pushed, the less accurately it can be 
controlled. If a jab misses the seal and the animal moves closer, 
shorten the pole or step back and take another jab. Banging the charg- 
ing seal on top of the head or batting it from the side will produce 
almost no effect whatever. If the animal is just beginning to move, a 
sharp blow to the side of the head may stop it, but this is risky because 
of the danger of destroying an eye or breaking a tooth. (The loss or 
breakage of a canine is a very harmful event for a territorial fur seal.) 
An animal that is not charging, but is generally too close to the work 
area or otherwise in the way, may be distracted by dangling the end of 
a pole just out of reach in front of and above its face. Soviet scientists 
move stationary males by lightly tapping them on the head with a 
bamboo pole that has been intentionally split into a dozen or more 
“ribbons” at the tip. These ribbons make noise but do not injure the 
seal.? Except very early or very late in the season it is nearly impossi- 
ble to drive a single adult male out of its territory, even with the con- 
certed efforts of several people with bamboo poles. Workers 
confronting a seal should stay familiar with who and what is behind 
them in the event that they may not be able to stop the charge, and 
must either run backward or turn and run. Special efforts should be 
made to avoid falling down on the rookery. 


Subadult Males 


Unlike the capture of adult males and adult females, which takes 
place on an individual basis, subadult males (2 to 5 yr old) are 
rounded up in small groups and held temporarily while individuals 
are pulled out and marked. These roundups usually occur on hauling 
out grounds adjacent to breeding areas. The most important factor in 
successful roundup, capture, and marking of subadult males is 
weather. These animals are very easily heat stressed. Careful atten- 
tion must be paid to weather conditions and to physiological symp- 
toms of the animals. Ideal weather conditions for working with 
subadult males are cool temperatures (< 10°C), moderate winds, 
and overcast skies or light misting rain. 

A roundup begins by two or more workers moving unnoticed into 
a position between the seals and the water. This may involve taking a 
long roundabout route, or some crawling on the ground to maintain a 
low profile. Remaining unseen during this first step is critical. Once 
in position below the particular group that is desired, the workers 
stand up, raise their arms or protective poles, and shout, whistle, or 
rattle noise makers. Once the seals begin to move inland, very little 
effort is required to keep them moving. In fact, the most attention 
must be paid to keeping the animals from moving too far or too fast. 
Some experimentation will show how much distance must be kept 
between the seals and the “herders” to move the animals an appropri- 
ate amount with the least amount of agitation. 

Slow movement of the animals from one location to another cannot 
be overemphasized. Body heat builds quickly and is lost very slowly. 
The following symptoms indicate overheating: captive animals that 
lie prone rather than sitting erect, excessive rear flipper waving, ani- 
mals which tilt their heads far back and pant with a rattle in their 
throats, animals which can move only a meter or so without falling 
prone to rest. 

Once the animals are in position for holding and marking, minimal 
herding actions are required. One person or two can manage a small 
group (30 animals or fewer) without excessive agitation of the seals. 

A good strategy is to squat or kneel 5-10 m from the group and stand 
up Or move into position to cut off their movements only when neces- 
sary. Cutting the animals off with the least disturbance involves mak- 
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ing a wide circle around the group, to avoid causing them to run 
harder. 

Portable fence sections can be used to erect a temporary open cor- 
tal. Four or five partitions 1.25 m (4 ft) high and 2.5 m (8 ft) long are 
framed with standard construction lumber and covered with heavy- 
duty wire fencing material. An extra horizontal framing member 
about 0.5 m high receives the major stress of seals pushing against 
the fence. Corral sections are arranged with the wire fencing material 
to the inside to prevent animals from climbing on the horizontal 
brace. The fence sections are erected in an open U shape and tied 
together with rope. If marking or tagging operations take place about 
5 m in front of the open end of the corral, the animals will stay inside 
with little attention from the workers and little agitation among the 
seals. 

Seals held in close pods either by a corral or by a herder may lose 
body heat more slowly than normal. Close contact of their bodies and 
occasional crawling on top of one another can inhibit heat loss. For 
this reason the condition of the seals must be continually monitored 
even after they are enclosed and motionless. 

Once the seals are rounded up and moved some distance inland, 
they may be captured individually for marking or tagging. The wire 
fence corral proves most effective for these individual captures, 
because a single worker can approach the group of seals and not 
require the assistance of two or more herders to prevent the group 
from moving away. Chokers 2.5 m long are used to snare individuals 
and pull them out of the group. (See section describing capture of 
adult females for choker techniques.) 


Subadult male seals can be immobilized safely with a restraint bar. 
Various techniques for getting the animal into the restraint bar may be 
developed according to how many workers are present and how large 
the animals are. Although two people can manage the task, three are 
preferred. With two persons, one drags the seal using a choker, and 
the second grasps the seal’s rear flippers. The seal is dragged side- 
ways to the restraint bar. There the individual handling the choker 
holds the animal’s head down with the neck across the yoke of the 
base plank while the second person releases the hind flippers and 
swings the bar into position. 

In closing the bar, care must be taken to keep arms and elbows out 
of reach of the seal, and closure must be made quickly but judiciously 
to prevent the animal from biting the descending metal bar. This type 
of restraint device may have fabric padding wrapped around the 
metal bar at the U bend. This padding can prevent injury to the seal 
should it bite the bar, and also allows some adjustment in the size of 
the opening. With three persons available for restraining the animal, 
one may handle the choker, one holds the animal's rear flippers, and 
the third person can manipulate the restraint bar. 

Even while in a restraint bar, seals can show considerable strength 
in lifting themselves off the ground with their front flippers. An ani- 
mal struggling in the bar can best be restrained and quieted by pulling 
its front flippers back and folding them under the body. This can eas- 
ily be accomplished by a person straddling the seal in the kneeling 
position. This straddled position is convenient for applying tags and 
marks, clipping heads, installing harnesses, or simply restraining the 
animal until it stops struggling. Even while restrained in the bar the 
animal has a surprising reach with its neck. Be watchful of arms and 
elbows in the vicinity. 

There is some danger of asphyxiating an animal in the restraint bar. 
With careful observation however, this danger can be reduced to a 
minimum. A number of symptoms give advance indication that an 
animal is suffering undue stress: 1) breath rate—it is sometimes diffi- 
cult to determine whether the animal is voluntarily holding its breath, 
or is being prevented from breathing by the restraint bar or choker 
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With a finger sharply jab the seal in the ribs; breathing will resume if 
the breathhold is voluntary. 2) Breath sounds—normal breathing may 
be quite noisy even when the animal is getting adequate air, and the 
inspiration may be short. However, if the inspiration is very labored 
and terminated by the jaws audibly snapping shut, the animal’s tra- 
chea is probably compressed, and the pressure on the restraint bar 
should be eased. 3) Tongue color—the tongue is a fast indicator of the 
animal’s condition. If the tongue begins to turn blue, the animal is 
short of air; the bar should be eased and the animal encouraged to 
breathe deeply for several seconds. 4) Eyelid twitching—rapid 
twitching of the eyelid is another indication of interrupted air supply. 
All four of these symptoms are indicative of more serious problems to 
follow within a few seconds if the animal’s situation is not changed 
quickly. 5) Convulsions—violent convulsive quivering immediately 
precedes unconsciousness. When an animal begins to convulse, pres- 
sure on the bar must be removed immediately. (For this reason it is 
important to keep the choker loosely around the animal’s neck even 
when it is being restrained in the bar.) With the bar released (and one 
person standing by ready to tighten the choker) a sharp blow with the 
fist or heel of the hand high on the animal’s back, or a vigorous shake 
of the animal’s hind flippers is adequate to bring the animal back to 
consciousness and restart the breathing. Speed and decisive action 
are essential if the animal is to be spared. 

The person handling the restraint bar has the best visibility and 
should carry the responsibility for observing the animal’s condition, 
but all workers should be aware of the animal and watch for symp- 
toms of stress. When a large number of animals is to be marked, han- 
dling the restraint bar can be a tedious job, yet it requires a high level 
of attentiveness. Safety of the animal and the persons working around 
it are at stake. This job should be rotated among workers at the site, 
or the one person with the job should be given considerable 
encouragement to remain alert. 


Peripheral Males 


Male fur seals approaching adult size (5-7 yr old, 100-160 kg) can 
be caught and marked using a hoop net. They are not immobilized, 
but since their vision is restricted by the specially constructed net, 
they struggle relatively little. Males of this size can be found moving 
about on the periphery of the rookery (hence their name); they are 
also called “idle bulls.” These males are beginning to acquire the 
final adult “shape,” but are not as broad across the chest as are fully 
adult males. 

Capturing peripheral males is very active work because they are 
not yet defending a territory and, hence, will not stand their ground. 
Rather, they tend to run into the nearest rookery, or through a rookery 
to reach the water, which can cause considerable disturbance. Prior to 
a capture attempt, the animals should be driven inland, either individ- 
ually or in small groups, some distance away from the rookery edge. 
This allows some operating room for the captures and reduces the 
disturbance to the rookery caused by humans moving about. It is also 
easier to control the movements of animals once they are some dis- 
tance inland. A peripheral male making a vigorous effort to escape 
into a rookery or into the water is virtually impossible to stop with a 
bamboo pole. 

This type of capture requires only a hoop net 0.75 m in diameter 
and 2 m deep (described above), three or four workers, and at least 
two stout bamboo poles 3-4 m long. The longer poles for capturing 
territorial males are rather cumbersome for cutting out one of these 
large animals from a group. Whatever marking or tagging equipment 
is selected for this animal should be carried in a bag or bucket because 
the final location where the animal will be immobilized is difficult to 
predict. 


Two persons cut out an appropriate male from the group that has 
been driven away from the water, or cut off a single individual from 
its escape route. A third person handles the net. In some cases a 
fourth person may be required to control a pod of large animals that 
has been driven inland to prevent them from scattering while the indi- 
vidual capture is taking place. 

In this technique the ultimate objective is to get the hoop over the 
animal’s head and all the way to the ground with the animal’s head 
inside the bag in the deep end of the net and then to have the animal 
step over the hoop and into the net with at least one of its front flip- 
pers. Since a running animal will be less aware of the net in the air 
over its head and will be less likely to bite the hoop as it descends, it is 
best to induce the animal to min away from the net handler before the 
capture attempt. A running animal can sometimes be properly netted 
ina single stroke. Avoid netting stationary animals. Males isolated at 
a safe working distance from other seals will remain stationary, fac- 
ing their captors, unless goaded into running. Stationary animals can 
bite the hoop and break their canine teeth. They can also shake their 
head and neck vigorously to dislodge the hoop. Stationary males can 
be made to mun by a series of jabs to the ribs or flanks with a pole. 

Once the hoop is over the animal’s head a second effort is fre- 
quently required to drive the animal entirely into the net and complete 
the capture. For this step of getting the animal into the net, the net 
handler should be behind the animal. Maintaining this position may 
require running around the animal while holding onto the handle of 
the hoop since netted seals tend to spin. The other two members of 
the party must try to stay out of the net handler’s way in this exercise. 
A bamboo pole can be used to lift the net and bag into the air over the 
head of the animal while the hoop is forced to the ground so that the 
bag drops over the seal’s head. 

One final step is important to prevent the seal from backing out of 
the net. The animal should step forward over the hoop, so that it is 
standing with at least one and preferably both flippers on the metal 
hoop, or on the net outside the hoop. Once this is accomplished the 
animal will be holding the net stationary with its own weight. If the 
seal will not voluntarily step forward, have one worker grasp both 
tear flippers and pull backward (out of the net). Seals resist this pull 
by obligingly stepping forward. To secure the net, the rear flippers 
are tucked inside the hoop, and the net handler stands atop the junc- 
tion of the loop and the handle. 


Although the animal will be noticeable quieter with its head in the 
bag, the net allows considerable freedom of movement of the seal’s 
head and upper body. Precautions must be taken to prevent workers 
from being bitten through the bag. Two persons work on opposite 
sides of the animal from the rear angle. One reaches across the back 
of the animal, forces a bamboo pole into the ground just forward of 
the front flipper, and holds it vertically between the seal’s head and 
the third person, who attaches tags to the front flipper (see Fig. 9). It 
is also possible to help control the animal by grasping the mesh of the 
net low down on the animal’s back and pulling the seal off balance 
sideways. 

Tags may be applied through the mesh of the net. The person 
applying the tag must be conscious of maintaining good balance, and 
of not becoming entangled in the net, since netted animals can still 
lunge dangerously. It is easy to become involved in the concentration 
of getting tagging pliers into the proper position or to become frus- 
trated with a difficult animal. This can lead to dangerous situations. 

The animal is released by lifting the net up and moving it forward, 
allowing the seal to back out. If the animal becomes tangled in the net 
during capture the purse string at the end of the net can be cut to 
telease the animal through the deep end of the net. The animals are 
generally disoriented for several seconds after release. Nevertheless, 
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Figure 9.—A method of capturing male fur seals weighing up to 160 kg using a 
hoop net. The seal’s vision is obscured by a bag sewn into the deep end of the 
net. One worker stands on the handle of the net and keeps the seal off balance 
by pulling on the net. A second person holds a pole between the seal’s head and 
front flipper to protect a third worker, here applying a tag, from being bitten. 


one person with a bamboo pole should stand by to protect the net han- 
dler. Avoid snaring the tags in the mesh, since they may be pulled out 
of the flippers as the net is being removed. 


Adult Females 


Each capture situation with females is unique, depending on the 
time of year, type and number of females desired, the stage of the 
reproductive cycle, and the amount of disturbance the worker is will- 
ing to create. The procedures described here have evolved over sev- 
eral years of catching animals. Although certain of the precautions 
should not be violated, successful captures frequently depend on the 
worker's ability to be inventive or to make fast decisions in the midst 
of the situation. 


1) Noose captures.—At the right time of year adult females can be 
captured individually with relatively little disturbance to the rookery. 
The basic technique consists of locating and ensnaring a newborn 
pup whose mother is identifiable, holding the pup until the mother 
can be ensnared with a long choker, and then pulling the two out of 
the rookery. 


Captures employing this technique have been made in the Pribilof 
Islands from about 20 June to 15 July. Later captures are possible, but 
after mid-July new births are very infrequent and do not commonly 
occur on the inland edges of the rookery as they do earlier in the sea- 
son. Mothers with newborn pups are preferable for several reasons: 
1) the mother/pup bond appears to be strongest 1 to 3 d after partun- 
tion. In this period mothers are least likely to mun to the water as 
humans approach, or to abandon their pups upon being released after 
the capture. 2) Strong pup attachments occur almost simultaneously 
among the female population because of close synchrony in the tim- 
ing of births. Therefore the entire rookery is less sensitive to human 
presence when newborns are available. 3) Newborn pups offer little 
resistance to capture. 4) Mother and newborn pup are usually physi- 
cally close to each other so that pairs are easy to recognize. 5) The 
date of parturition is known if needed. 

Equipment for this type of capture consists of one bamboo pole 3 
to 4 m long for defense against males, one 5 m long choker of fir for 
the female, and one 5 m long choker of bamboo and light cord for the 
pup. Transport boxes, hold-down bars, or marking equipment are 
used as appropriate, but these are left at some distance back from the 
edge of the rookery. 

The keys to a successful approach are moving slowly and main- 
taining a low profile. Voices must be kept low, and equipment not 
allowed to bang or rattle on the rocks. Keep all equipment low to the 
ground or disturbances will result. Only two persons are needed for 
this type of capture, and they should approach the back edge of the 
rookery carefully. Within 10 m of the closest females they sit down 
and continue moving on hands and feet (spider fashion), sitting 
between moves. If there are many threatening males, move on hands 
and knees, or “duck-walk” in preparation for defense against males. 

Patience during the approach phase of the capture is often reward- 
ing. We typically spend more time approaching and waiting for the 
female to make a favorable move than at any other part of the capture 
routine. A few minutes spent in an uncomfortable position on the 
rocks surrounded by large males causes apprehension, but waiting is 
preferable to hurrying the capture, or making a frantic lunge which 
can defeat the entire effort or cause a major disturbance. 

Selecting the pair to be captured is more difficult than it sounds. 
New pups are best identified by the condition of the placenta; it will 
remain bright red and bloody for 24 h. The umbilicus remains pink 
and wet-looking for 48 h. Mere presence of a placenta does not indi- 
cate new births since a dry, black placenta may be dragged about for 6 
or7 d. Age is more difficult to identify in the rain since the umbilicus 
remains clean and wet looking longer than on a dry rookery. Some- 
times the pup must be noosed and turned onto its back with a choker 
before the condition of the umbilicus can be seen. The mother’s reluc- 
tance to leave a pup is a good but imperfect indicator that the pup is 
new. Some solicitous females remain with their pups for 6 or 7 d after 
birth. Regardless of the age of the pup, do not attempt to capture 
females that abandon their pups and flee; fleeing females cause a 
great disturbance. Once the pair is selected for capture the workers 
should keep close watch on both members of the pair to avoid captur 
ing the wrong partners. 


The pup should be noosed first before the mother moves it. The 
lightweight noose is dropped over the pup’s head and the pole is 
rotated until the rope is tight. Whenever a choker is used, raise it in 
the air just high enough to clear the animal’s head; a waving choker 
alarms all the animals. Do not stand up while placing the choker; 
place it from a sitting, kneeling, or squatting position. Always move 
the choker slowly, and do not make rapid thmusts at an escaping ani- 
mal. When the pup choker is loosely in place the pole may be placed 
on the ground and the pup ignored until the mother is noosed. 


The technique used to noose the mother depends on her behavioral 
tendencies. The easiest case is when the female is relatively fearless 
and is on the edge of the group of animals. In this situation let the 
choker lie on the ground beside the female. When she turns her head 
away from the choker, lift it just enough to drop the loop over her 
head from behind and tighten by twisting the choker pole. The rope 
should not be allowed to wrap around the pole as it is twisted, but 
should form a twist off the end of the pole just under the chin 
(Fig.10). Since the seal’s head is narrower than its neck the loop must 
be twisted very tight—so tight that a fold of fur is caught in the 
twisted rope. Work quickly but without sudden jerks that alarm the 
female. Give the choker a trial pull to observe whether it is tight 
enough. 


Figure 10.—Illustration showing the placement of a choker (A) too high on the 
neck, (B) correctly, and (C) too low. The same placement is appropriate for 
both juvenile males (shown here) and for females. 


If the female is wary and ducks away from being noosed other 
measures are required. First, slowly draw the pup away from the 
female a meter or so. If the pup is moved too far from the mother she 
may not come out of the group to retrieve it. If the pup is not moved 
far enough she may seize it in her teeth and start back with it before 
the noose can be placed over her head. This can result in an unwanted 
tug-of-war with the pup in the center. If this occurs allow as much 
slack on the choker as possible and induce the female to release her 
hold on the pup. As an alternative to drawing the pup out, agitate it by 
moving it forward and back, or side to side using the choker. Moving 
the pup, or drawing it out keeps the female’s attention on the pup and 
away from the workers or the choker Drawing the female out, if it 
works, also reduces the disturbance to other females. 

Ifa female is wary of the choker and will not follow her pup out of 
the group, move the pup close to the mother and lay the open loop of 
the female’s choker on the pup’s back. Then when the female touches 
the pup’s back with her nose, which they often do, lift the loop over 
her head. 


Once the female is caught in the noose she should be removed with 
all possible speed. Both workers stand for the first time and, with a 
hard pull that brings the female forward onto her belly, they run sev- 
eral meters. Running bent over causes less disturbance. When the 
female is 4 to 5 m from the group one worker drops behind and grasps 
one or both rear flippers. The female may then be half dragged, half 
carried either with the workers in tandem or side by side. Running 
removes the female from the male’s presence as quickly as possible, 
shortens the time the female lacks air, and prevents the female from 
resisting being moved. The lead worker should be aware that this is 
simultaneously the moment of greatest stress and the moment when 
the most important decisions are to be made; he should try to remain 
calm despite the exertion. 


While dragging the female carefully watch her condition. If the 
noose is tight enough to prevent her backing out it may also close her 
trachea. If the female begins to convulse release the rear flippers and 
loosen the choker immediately. There is little danger of the animal 
escaping during this procedure. The symptoms and response to 
asphyxia were given in the section on handling subadult males. 
Remove the female from the sight of other females as quickly as pos- 
sible. 

After the female is immobilized in the restraint bar, or placed in the 
transport cage a single worker returns to retrieve the pup. Special 
attention must be given to moving pups with attached placentas. 
These animals must be lifted carefully over rocks or sharp obstruc- 
tions; even a moderate pull on an attached placenta may eviscerate 
the pup. To carry a pup with an attached placenta grasp the umbilicus 
close to the placenta in the same hand that holds the rear flippers. If it 
is decided to remove the placenta tie off the umbilicus with a piece of 
string a few centimeters from the belly and cut distal to the string to 
prevent bleeding. 


To be certain that the correct pup has been captured for a given 
female place the two captives close together A vigorous vocal 
exchange will indicate that the two are a pair; the female will repeat- 
edly nip any pup but her own. Occasionally a female will even bite 
her own pup inside the transport cage. Remove these pups to prevent 
injury. 

Pregnant females too can be captured by noose but these are the 
most difficult and dangerous of all captures. Pregnant females usu- 
ally flee at the first sight of a choker unless the approach is made from 
the water’s edge working uphill. From that position they are almost as 
easy to noose as any other female. But working between breeding 
seals and the water leaves no room to maneuver away from charging 
males, and the footing in tidepools is difficult. Also, an extra helper is 
needed to watch for new males arriving from sea during the distur 
bance. Pregnant females, being heavy, cannot be dragged away from 
the males as quickly as nonpregnant ones, and may be bitten as they 
are pulled out. These captures should not be attempted unless the 
acquisition of pregnant animals is mandatory; when captives are 
Tequired we recommend post parturient females. These captures 
should never be attempted by inexperienced workers. 


The problem of greatest concern in capturing females, especially 
in captures with a noose, is the adult territorial males on the rookery. 
The greatest danger from these animals is misreading their signals or 
Teacting slowly to their threats. One must not be intimidated by their 
appearance or by the mental image created by the name “bull seal.” 
These animals have many behavioral characteristics that can be 
employed against them by a clever worker. Admittedly there are a 
few males whose aggressiveness and tenacity cannot be dealt with 
using any combination of tricks. The wise worker identifies these 
seals and simply works elsewhere. 
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Adult males attend to the workers as soon as they are visible on the 
rookery. Their vocalizations alert all animals to the workers’ pres- 
ence. As soon as the workers have crawled up to the edge of the 
male’s territory the seal will charge. Usually the first charge is the 
longest and most determined. From the squat position deliver a pow- 
erful jab to the seal’s chest and throat area using the short bamboo 
pole. Usually one or two jabs will stop the charge. The second 
worker with another pole should be positioned behind the first so that 
if the charge does not stop, the lead worker can run while being pro- 
tected. Deliver as few jabs as necessary since swift motions disturb 
the females. Do not stare directly at territorial males since this 
induces them to charge. Instead face obliquely and glance at them 
occasionally. Lying prone on the ground also reduces the frequency 
of male charges, although it heightens the sense of vulnerability. 
After two or three charges the male will usually rejoin the females. A 
perceptive worker can anticipate each charge since males usually 
draw a deep breath while looking obliquely at their target just before 
they rush. If the workers make daily appearances on the rookery to 
capture females the initial charges will become fewer and less deter- 
mined. 

Males most often interfere with the capture by blocking the target 
female from being noosed or removed. With persistent males, tap 
them lightly on the rear flippers or in the ano-genital area, or tap them 
lightly in the ribs or on top of the head with a choker. Some males will 
avoid these mild irritations by moving away. Frequently an overly 
attentive male (or an aggressive one) can be diverted by tossing over 
its head small rocks which fall into the rocks on the opposite side of 
the female group. The small clatter of these stones will mildly disturb 
the females, and the male may msh to block their exit. The male’s 
attendance on the opposite side of the female group aids captures by 
keeping the females stationary. Bothersome males can also be 
diverted by arousing adjacent males. Pebbles cast at neighboring 
males causes them to vocalize, herd their females, or give a boundary 
display at the subject male which effectively reduces attention to the 
workers. 

While the noosed female is being dragged from the rookery, the 
male may chase her for 10 m or more. The male’s chase is the main 
reason the female should be removed while running. If the male 
catches the female he may deliver a wound to her back, or may seize 
her in his teeth so that a tug-of-war ensues. The best tactic is to stop 
moving the female just before the male reaches her. Use the short 
bamboo pole to drive off the male if possible. Do not pull on the 
female being held by a male; allow the male to carry her back to the 
group and try to divert the male as above. 

Other males may approach from the sides or from the back if the 
capture has taken a long time. Use a third worker to keep the path of 
approach open at all times if there are so many males that such clo- 
sure is likely. After the female has been removed from the rookery 
proper the danger from males is not over. Peripheral males will be 
attracted from 50 m or more by the sight of a female above the rook- 
ery. These males show more attentiveness to the female than aggres- 
siveness toward humans. Although they can be driven away easily 
the danger from these animals should not be minimized 


2) Net captures.—If females are to be captured later than the last 
week of July a hoop net must be used since at this time of year 
females will not remain stationary long enough to noose them. 
Catching with a net causes more disturbance than catching with a 
noose, and since an animal is relatively less restrained with a net than 
with a noose, the animal is more dangerous to the workers. However, 
this type of capture requires less experience to succeed than do other 
types of captures. 


The equipment necessary for this type of capture is a hoop net 0.75 
m in diameter, having a 1.5 m deep net with 10 cm mesh, and a han- 
dle 4 m long made of aluminum tubing. The hoop should be wrapped 
with cloth or rubber to reduce noise when hitting rocks. Captures 
using a net depend on stalking a sleeping seal until the workers are 
within 5 to 6 m, and then making a sudden, short dash to the animal. 

The workers must approach slowly, remain hidden at all times, and 
make no noise. The approach phase of such a capture is often more 
prolonged than with a noose capture. Do not try to outrun seals over 
large boulders while holding a net. Furthermore, stalk a specific seal; 
do not alarm a group hoping to make an instant choice during the 
chase. If the target seal is in the center of a group, the seals at the edge 
of the group can be moved out of the way by tossing pebbles onto the 
rocks near them and making sudden hand and arm movements that 
only they can see. 

Try to net from directly behind a fleeing seal, placing the hoop 
over the head and neck so that the seal steps over the front edge of the 
hoop into the net. Then lay the hoop flat on the ground and stand on 
the ring. The head can be held immobile with a hold-down fork, or by 
grasping large folds of skin just behind each ear using bare hands. To 
transfer a netted seal to a cage or restraint bar, first place a choker on 
the seal while it is still under the net. Adult males are not a factor in 
this type of capture since they either are not present or are not territo- 
rial after 1 August. No bamboo poles are needed for defense against 
males here. 


3) Mass captures.—It is possible to capture 50 to 100 females ina 
group after the first of August. These captures obviously cause great 
disturbance to the rookery, so they must be well justified. The princi- 
ple is that a group of females and pups is cut off from escape to the sea 
by workers holding moveable fences. By advancing the fences away 
from the water the seals can be removed from the rookery to flat 
ground where the fences can be formed into a corral. From the corral 
females can be handled individually with a choker. We have made 
mass captures while adult males are on territory. However, this proce- 
dure is exceedingly dangerous and should not be attempted by inex- 
perienced handlers. 

At least six workers holding three sections of fence between them 
are required. These fence sections may be similar to those described 
for use with subadult males. The workers move the fences as close to 
the back of the rookery as possible without detection. Two teams sta- 
tion themselves together at least 25 m from the third single team. Ata 
signal, the teams dash forward holding the fence between themselves 
and the seals and attempt to form a U-shaped enclosure on the sea- 
ward side of the seals with the open arms of the U facing inland. Sur 
prise and speed are essential. The females will quickly collect against 
this fence in a pile and must be forced to move away from the water 
by prodding them through the fence with bamboo poles, by shaking 
noise makers, and by physically pushing them with the fence. 
Females in a mass are very difficult to drive in a desired direction. 
However, it is imperative that they be moved immediately; other 
wise, pups are likely to be killed by suffocation. Once females are 
moving they must not be allowed to stop because they are difficult to 
start again. When the animals are in the desired location for further 
handling a fourth fence section is added and tied with ropes to com- 
plete the corral. 


Pup Captures 


Individual pups may be captured during the first 2 or 3 d postpar- 
tum using the method described under noose captures for females. 
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Later in the season pups may be captured independently of their 
mothers as they wander the peripheral areas of the rookery. The area 
covered by wandering 2-mo-old pups is considerable, and the 
chances of any given pup being on the inland border of the rookery at 
some time during the day are good. These animals are also captured 
with a long bamboo pole with a noose of light cord on the end. Sleep- 
ing pups are by far the easiest to capture. A pup munning to escape 
capture can move down into the rookery faster than can a person car- 
rying a long pole and who is trying to avoid causing a disturbance. 
Late in the season when disturbance is less important a small long- 
handled hoop net may be used for capturing pups. 


When the rookery structure has largely broken down late in the 
season, large numbers of pups may be rounded up with portable 
fences in a manner similar to that used for subadult males, or for mass 
captures of females. Adult males and females on the rookery at this 
time of year can be driven off quite easily. To minimize the number of 
pups escaping into the water, plan carefully before the roundup 
begins. Two persons can handle a roundup and marking operation. 

Pups up to 2-3 mo of age can be safely held up in the air by their 
hind flippers at arm’s length. For longer trips place the free hand 
under the animal’s chest, but still with arms outstretched. Pups have a 
surprisingly long reach, and if carried close to the chest can severely 
bite a person’s shoulders, upper arms, or face. 

Heavy gloves are required. Teams that mark large numbers (thou- 
sands) of pups extend their protection to the shoulder using a sleeve 
cut from a leather jacket. While marking 25 or more animals, minor 
nips are almost inevitable. 

Short poles (1.5 to 2 m) are useful for herding groups of pups. 
Rigid sections of low fencing (1.5 m high) can be arranged in a U- 
shaped corral to hold groups of up to 25-30 pups. Inside these corrals 
the pups will crawl atop one another. This may allow some to escape 
over the top of the fence, and may cause some to suffocate at the bot- 
tom of the pile during the roundup. The animals should be driven 
back from the fence, or physically pulled off the top of the pile at fre- 
quent intervals. In extreme cases, lift the fence up and let the pups go 
toward the water 

During the peak of pupping, northern fur seals will not flee from 
humans moving over their heads. For years wooden walkways (cat- 
walks), elevated 2.5 to 3 m off the ground, have given researchers 
access to the centers of breeding groups to census, photograph, or 
collect animals for autopsy (Keyes 1965). We have recently used 
them as a platform to capture live pups for sexing, tagging, and 
growth studies. 

Captures are made using a bamboo choker about 4 m long. From 
the squat position on the catwalk (to reduce alarm among females) 
lower the noose of the choker straight down. If the cord is so limp that 
the noose will collapse in this position stiffen the cord by wrapping 
tape around it. Using the end of the choker to move the pup around, 
arrange the noose so that it includes the pup’s neck and one front flip- 
per, and tighten by twisting. This placement of the noose encircles 
part of the nb cage and prevents closure of the trachea when the pup 
is lifted off the ground. With hand-under-hand motions lift the pup 
straight off the ground. This must be done very quickly to get the pup 
(and possibly its dangling placenta) out of the mother’s reach before 
she can bite it. Quickly place the pup on the catwalk or have a second 
person catch it; dangling pups unwind the chokers and may fall. 

Adult males often interfere with captures from a catwalk. Some 
will aggressively chase the choker and prevent the pup from being 
noosed. These animals can be distracted with a second choker, or by 
tossing pebbles as described in the section on female captures. Very 
few males will bite and toss dangling pups; simply avoid working 
near such males. 


To minimize disturbance, capture only pups that are directly 
beneath the catwalk. If pups are noosed at some distance away from 
the catwalk (2-3 m), they cannot be lifted from there but must first be 
dragged beneath the catwalk. Mothers will chase pups that are 
dragged away, and the resident males will often chase the females. 
Great injury and disturbance can result from these chases. By the end 
of July or the first of August both females and pups are too wary of 
humans to permit further captures from a catwalk. 


FEEDING OF CAPTIVE ANIMALS IN 
PERMANENT FACILITIES 


Holding and feeding captive fur seals requires a considerable 
investment in time (particularly in the early stages), and usually 
results in less than 100% success with all animals. In planning for our 
needs for captives, we generally anticipate that 20 to 25% of those 
animals brought in will not learn to eat in captivity and will have to be 
released. Adult females should not be held longer than 8 or 9 d with- 
out food. Other researchers have also noted that some northern fur 
seals are slow to begin feeding in captivity (Bigg et al. 1977; Spotte 
1980). 

We keep herring and squid frozen at 0°F or below until the day of 
use. Protein breakdown in the thawed fish appears to be rapid which 
may decrease the nutritional value and reduces the acceptability of 
the food. No fish is kept frozen more than 1 yr. Although we have 
made no attempts to find out what the maximum consumption would 
be, we have found that females fed 5-7 kg of whole fish per day do 
not appreciably lose weight over a period of a month to 6 wk. Diet is 
supplemented by vitamin tablets (“Sea-tabs”) specifically formu- 
lated for marine mammals. These tablets are inserted into the body 
cavity of a herring before it is fed to the seals. Because seals may pass 
the first food of the day through their systems quickly, (Kooyman*) 
we introduce the vitamin-supplemented fish sometime near the mid- 
dle of the feeding session. Seals may not eat all the fish given in a 
feeding session and hence may miss a vitamin dose given late in the 
session. 

During the first few days of captivity the animals are particularly 
sensitive to the presence and movement of nearby humans. To avoid 
this distraction, we generally try to stay out of sight of the animals 
during the first few feeding sessions. Our animals are trained to take 
dead fish while swimming. Animals are allowed into the feeding 
tanks and are given a few minutes to acclimate to the new surround- 
ings. Then from a position out of sight (in the rafters above the tanks) 
fish are dropped one at a time into the water close to the swimming 
seals. For the first few sessions, interest in the food shown by the 
seals appears to be little more than curiosity. They may take the fish 
into their mouths, but generally do not eat. Occasionally a seal hauled 
out on a resting platform above the water may enter the water to 
investigate a fish dropped in the water nearby, but more typically this 
happens after the animals have learned to eat the dead fish. 

The animals do not learn to accept dead fish at the same rate. At 
times it may prove valuable to experiment with putting a noneating 
seal in the same tank with a seal which has learned to feed (see also 
Spotte 1980). The amount of aggression displayed by different seals 
may vary widely. Once all the animals are eating, it may be necessary 
to keep more aggressive animals separate from less aggressive ones 
to more evenly distribute the food. 

The amount of fish eaten and the portion of the fish consumed var- 
ies from day to day and among different seals. Sometimes only fish 


4G. L. Kooyman, PRL, Scripps Institution of Oceanography, La Jolla, CA 92037, 
pers. commun. February 1981. 
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bodies are eaten: heads are bitten off and discarded. Occasionally 
seals will tear open the fish and consume only the livers. Most fre- 
quently we have seen animals eat entire fish for the first two or three 
offered on a given day, then begin biting off the heads and eating only 
the bodies. (This should be considered when fish are supplemented 
with vitamin tablets.) Seals usually begin by taking only one or two 
fish in the first feeding session. Good feeders rapidly increase to 3 or 
4 kg per day in two or three sessions. Some appear to be insatiable, 
but if fed to satiation they will develop diarrhea and stop eating. It is 
best to increase the amount of food by a modest amount each day 
when a seal begins feeding. 

Once the animals have begun to accept dead fish, the feeder may 
begin throwing fish into the tanks from a visible position. Eventually 
seals can be encouraged to eat at the near edge of the tank, and some 
will finally learn to take fish directly from he feeder’s hand. The 
value of this training (especially if more than one seal is fed in a tank 
at one time) is that the amount of fish consumed by each animal can 
be monitored more accurately. 


The degree of success with inducing seals to feed, and the amount 
of continued successful feeding may depend upon stresses placed 
upon the animals between feeding times. We recommend that the ani- 
mals be disturbed as little as possible between feeding sessions for the 
first several days while they are still learning to accept dead fish in 
captivity. 

One- and 2-yrold subadult male seals have also been held in cap- 
tivity and have learned to feed on dead fish. For experimental pur 
poses these young males were taught to take fish while out of the 
water. This is not recommended as a normal procedure for feeding 
since animals choke on the loose scales. 
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Catch Temperatures for Some Important 
Marine Species off California 


JAMES L. SQUIRE, JR.' 


ABSTRACT 


Airborne sea surface temperature surveys using infrared techniques were conducted monthly off the central and 
southern California coast, 1963 through 1968, by the National Marine Fisheries Service in cooperation with the U.S. 
Coast Guard. The resulting temperature data were matched to commercial sportfishing boat catch data to determine 
the relationship between catch and temperature for the following major sport species: chinook and silver salmon, 
Oncorhynchus tshawytscha and O. kisutch; yellowtail, Seriola dorsalis; Pacific bonito, Sarda chiliensis; Pacific bar- 
racuda, Sphyraena argentea; white seabass, Atractoscion nobilis; and albacore, Thunnus alalunga. 

Part I presents graphs for each of the above species for areas having high catches, the month during which most 
fish were caught, sea surface temperature at which most fish were caught, mean catch temperature and its standard 
deviation, and temperature range. 

Part II describes how catch and catch-per-unit-effort (CPUE) are related to temperature. A series of weekly 
airborne temperature surveys were flown over a high catch rate area off San Diego, Calif., April through October, in 
1972, 1973, and 1974. These temperature data were compared with catches of yellowtail, Pacific barracuda, and 
Pacific bonito by the sportfishing fleet within the survey area. Graphical Kolmogorov-Smirnov cumulative prefer- 
ence curves of catch versus temperature for yellowtail, Pacific barracuda, and Pacific bonito show increased catch 
rates through the midrange temperatures 17.8° to 20.0°C (64° to 68°F) with a reduction in rates above 20.5°C 
(69°F). 

Fora 31-wk period starting on 1 April 1972, 1973, and 1974, the temperature at the 20th percentile of the catch 
temperature curve was slightly above the 20th percentile of the cumulative temperature curve, indicating that fewer 
fish were taken at the very lowest temperatures; otherwise, catch for the three species appears representative of the 
temperature distribution. The average yearly temperature for large catches of Pacific barracuda, yellowtail, and 
Pacific bonito (30% or more above mean) fluctuated from 16.2°C (61.2°F) to 23.0°C (73.5°F), with a mean value of 
19.5°C (67.1°F) for Pacific barracuda, 18.5°C (65.4°F) for yellowtail, and 19.6°C (67.4°F) for Pacific bonito. 
Nonparametric rank correlation tests (Spearman and Kendall) for catch and CPUE versus temperature showed consis- 
tently higher correlations for catch than for CPUE, indicating an increase in effort with increasing catch. In analyses 
of temperature and CPUE by species and year for 12-, 17-, and 31-wk periods, about one-half of the individual cases 
tested were, on the average, statistically significant at the .05 level. 

Temperature distributions within 20th percentile ranges of the cumulative CPUE curves obtained for the three 
species combined indicate that the lowest temperature range, 12.7° to 15.5°C (55° to 60°F), is the only area where 
catch rates were lower than expected. 

There is little evidence for a preferred temperature within the range of 15.5° to 21.1°C (60° to 70°F). Conclu- 
sions from this study indicate that fishery data are by no means optimal for examining the hypothesis of preferred 
temperature, due to confounding of cause and effect between catch and effort. Lack of simultaneous observation of 
the spatial distribution of species and environmental measurements over the extent of distribution over time are limit- 
ing factors in determining the true relationship of species to the environmental factor of sea surface temperature. 


INTRODUCTION 


Normal and anomalous changes in the ocean environment, as mea- 
sured by sea surface temperature (hereafter referred to as “tempera- 
ture”), produce a variety of effects upon the apparent abundance and 
geographical distribution of coastal and oceanic pelagic marine spe- 
cies. The coastal marine environment consists of biological, chemi- 
cal, and physical factors which may independently, or in 
combination, influence the abundance and distribution of fishery 
resources. Although temperature is a commonly observed environ- 
mental variable, only limited statistical information is available com- 
paring the catch of fish in waters of different temperature. A recent 
comparative temperature study in the northeast Pacific was prepared 
by Radovich (1975). 

Development of management programs for coastal pelagic fish- 
eries requires knowledge of the distribution of pelagic species, with 
regard to natural fluctuations in the physical marine environment. It 
may be possible to use environmental information to improve esti- 
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mates of population size and distribution, and to evaluate the effect of 
environmental changes on catch. However, in order to apply fully 
effective resource management, we must learn more about how 
coastal species respond to changes in their environment. 

Temperature is one physical variable which is relatively easy to 
measure. The ocean’s surface layer temperature reflects the exchange 
of thermal energy from solar, atmospheric, and subsurface sources. 
The relationship between temperature and the distribution and migra- 
tion of marine and anadromous fishes has long interested researchers. 
Along the west coast of the United States and Canada during years of 
unusually warm surface water, pelagic species common to the lower 
latitudes in the northeast Pacific have been recorded far north of their 
normal range, and, in some cases, changes in coastal migratory pat- 
terns have been recorded (Hubbs and Schultz 1929; Walford 1931; 
Radovich 1961; Royal and Tully 1961). Since a relationship exists 
between anomalous temperature and the occurrence of pelagic spe- 
cies, temperature may provide a means of predicting, within seasonal 
and statistical limits, the occurrence or distribution of coastal marine 
and anadromous species. The objective of this study was to define the 
relationships between catch (as a measure of apparent abundance), 
and temperature, for selected species in different geographical and 
environmental areas. 


Part I of this paper uses data from monthly airborne infrared tem- 
perature surveys off central and southern California conducted dur 
ing the 5-yr period 1963-68, and catch data from sportfishing boats as 
collected by the California Department of Fish and Game (CF & G), 
to determine the temperature at which several important species were 
caught by the recreational fishery fleet. 

Part II describes the results of a more detailed airborne temperature 
study which took place at an important recreational fishing area off 
San Diego from April through October in 1972-74. This second 
series of airborne surveys used increased survey intensity (weekly 
vs. monthly) over a high catch rate area for the sportfishing fleet, in 
order to determine the correlation of catch-per-unit-effort (CPUE) to 
temperature and the statistical significance of differences in 
temperature-dependent catch rates. The statistical analysis of the data 
collected off San Diego is presented in the analysis and conclusions 
section of Part II. Data presented in Part II apply to the general 
temperature-catch relationships in Part I. 


PART I—CATCH AND TEMPERATURE OBSERVED 
FOR SEVERAL RECREATIONAL AND 
COMMERCIAL SPECIES OFF CENTRAL AND 
SOUTHERN CALIFORNIA 


In August 1963, the National Marine Fisheries Service (then the 
U.S. Fish and Wildlife Service, Tiburon Marine Laboratory, 
Tiburon, -Calif.) initiated a program in cooperation with the U.S. 
Coast Guard to conduct monthly airborne temperature surveys using 
infrared techniques to measure temperature over three important 
coastal fishing areas off the west coast. These airborne temperature 
surveys were continued by the U.S. Coast Guard into 1979. Results 
of the first 5 yr of surveys (1963-68), in the form of individual survey 
and monthly average temperature charts for the three areas, were 
published by Squire (1971). Although those airborne infrared tem- 


perature surveys are useful to many fields of environmental research, 
they were primarily intended to develop temperature data which 
could be analyzed with catch data to provide insight into catch tem- 
perature relationships for some of the more important coastal species. 


The central survey area off the California coast from Point Arena 
to Point Sur and offshore about 50 nmi (Fig. 1a), and the survey area 
off southern California (Fig. 1b), supplied the temperature data for 
this paper. The southern area extended to about 110 nmi offshore at 
its widest point, and from off the coast of Point Arguello, Calif., to 
Point Salsipuedes, Baja California, Mexico. Data from the northern 
survey area, which covered the coastal waters from Cape Flattery, 
Wash., to Cape Lookout, Oreg., for about 50 nmi offshore, were not 
included. From the published monthly survey data, the temperature 
was obtained for each CF & G block area (10’ longitude x 10’ lati- 
tude geographical area) by month, and these data were used in the 
calculations for Part I. 


Monthly catch data recorded by the commercial sportfishing fleet 
for the period August 1963 through July 1968 were obtained through 
the cooperation of the CF & G, Marine Resources Laboratory, Long 
Beach, Calif. Fishes selected for study included two species of 
salmon (chinook, Oncorhynchus tshawytscha, and silver salmon, 
Oncorhynchus kisutch), which enter the catch off the San Francisco, 
Bodega Bay, and Monterey Bay area. Data on these species were 
combined in the CF & G sportfishing boat catch records. Off south- 
ern California and northwestern Mexico, catch data were obtained 
for yellowtail, Seriola dorsalis; Pacific bonito, Sarda chiliensis; 
Pacific barracuda, Sphyraena argentea; albacore, Thunnus ala- 
lunga; and white seabass, Atractoscion nobilis. All of the latter group 
are important to the marine sport and/or commercial fishing industry 
of the United States, and some are important to Mexico. Albacore is 
taken in substantial quantities by the southern California sportfishing 
fleet, but most of the catch is taken outside the boundaries of the area 


Figure 1.—Airborne infrared sea surface 
temperature survey tracks: left, central 
survey area; right, southern survey area. 


surveyed. Only catch temperature data for albacore catches within 
the survey area are given. 

Each sportfishing boat operating for hire from California is 
required by CF & G to maintain a daily fishing log of the catch by 
species, location of catch (block area number), and number of fisher- 
men on board. Catch records do not indicate species targeted by 
anglers, or the fishing technique used. A species-preference order is 
known to exist with the coastal recreational fishermen; in the north, 
salmon is a highly desirable species, and off southern California, 
albacore, yellowtail, Pacific barracuda, and white seabass are high 
on the preference list. In addition, species-specific lures and/or live 
bait are fished near the surface, in midwater, or close to the bottom. 
The lack of detailed catch data prevents the allotment of “effort” to 
the catch of any one species. However, the catch and numbers of 
anglers participating may be related, particularly for those species 
that are of high priority to the marine angler. Reports of better-than- 
average fishing, whether tme or not, usually result in increased fish- 
ing effort; therefore the catch may or may not be a reflection of 
increased availability in localized fishing areas. The relationship of 
catch to number of anglers for data collected in 1972 through 1974 is 
discussed in Part I. 

Basic environmental data for the analysis involved monthly tem- 
perature measurements derived from isotherm charts drawn from air 
borne infrared temperature data for the period August 1963 through 
July 1968. The surveyed region included 40 block areas off central 
California having a reported catch of salmon (2,460 temperature 
observations), and 130 block areas off southern California in which 
catches of either yellowtail, Pacific bonito, Pacific barracuda, alba- 
core, or white seabass were reported (7,800 temperature observa- 
tions). Temperature data developed from continuous analog 
measurements in degrees Fahrenheit are given as Celsius and Fahren- 
heit. 

Monthly catch locations for the 5-yr period were obtained from the 
CF&G sportfishing boat log records for catches of 347,867 salmon, 
161,375 yellowtail, 4,047,292 Pacific bonito, 2,439,512 Pacific bar- 
racuda, 129,535 albacore, and 42,328 white seabass. 


Results 


Data on catch by species for each month from August 1963 
through July 1968, and monthly temperature data for the 5-yr survey 
period, were processed by the Northwest Fisheries Center, Seattle, 
Wash. A computerized data analysis determined the following: the 
GA Me e- Par iae)): 

2 (itn aoe Lae ae 
deviation about the catch temperature mean (a ); and the array of 
catch by temperature as well as the number of fish in each sample for 
each species by total area, and by individual block area, month, and 
year Temperature ranges, means, and standard deviations were cal- 
culated for the same geographical areas and time groups as the spe- 
cies data. 

Data are presented for salmon off central California, and for yel- 
lowtail, Pacific bonito, Pacific barracuda, white seabass, and alba- 
core off southern California (Fig. 2-19c). These illustrate catch, 
catch temperature, and temperature range on a regional geographical 
basis (central California and southern California). 


mean catch temperature, X= 


Central California (Monterey Bay, San Francisco, and 
Bodega Bay) 


The ocean temperature of the major fishing area for salmon (from 
Monterey Bay to off Bodega Bay) ranged from 9.4° to 16.7°C (49.0° 


to 62.0°F). Waters in this area are coolest during January through 
May or June, with the lowest temperature recorded in April. Temper 
atures increase slightly from June through September when the peak 
average temperature occurs, then drop again after September 

Major peaks in the salmon catch for the fishing area off San Fran- 
cisco occur in March and July (Fig. 2). To the north of Bodega Bay, 
the peak catch is in July, and south of Monterey two catch peaks 
occur, one in May and one in July. Chinook are the salmon most often 
caught, because as the Sacramento River system holds spawning chi- 
nook salmon during most of the year and these pass through the major 
ocean fishing areas off central California. However, the fall rin of 
chinook salmon is the largest, and fish congregate off the San Fran- 
cisco Bay area for the spawning migration. 
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Figure 2.—Distribution of salmon catch off northern California (Monterey 
Bay to Bodega Bay) by month, August 1963-July 1968, for total catch, catch 
temperature, and sea surface temperature range and means, and the standard 
deviation about the means. 


The catch temperature mean for all salmon catches off San Fran- 
cisco for the 5-yr period is greater than the sea surface temperature 
mean, except for November (Fig. 2). The monthly catch temperature 
mean is equal to or greater than the temperature mean from January 
through October, which indicates that more salmon were caught 
when the temperature was greater than its monthly mean. The catch 
temperature mean was below the temperature mean during Novem- 
ber; however, this was a period of near zero salmon catch. Figure 3 
indicates those blocks having a recorded catch of 1,000 salmon or 
more during the survey period, the month having the greatest catch, 
the temperature at which most salmon were caught, the mean catch 
temperature, and the number of salmon in the sample. 

The major fishing area off San Francisco early in the year is in the 
vicinity of Point Reyes, south of Drakes Bay and Duxbury Reef 
(March/blocks 447, 448, and 449). The major fishing area moves to 
near the Farrallone Islands and the San Francisco Light Buoy during 
the summer (June-July/blocks 456, 457, 458). In late summer the 
fishing area moves closer to the Golden Gate (August-September/ 
blocks 446, 455). Mean catch temperature ranged from 11.2° to 
13.6°C (52.2%56.5°F). 

The review of the three leading block areas (448, 446, 457) in 
catch is given in Figure 4a, b, c, showing for each block area the dis- 
tribution of catch by temperature and by month for catch, tempera- 
ture at which most salmon were taken, the monthly mean catch 
temperature, and standard deviation of the mean catch temperature. 
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8 — Month having most fish caught. 
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Figure 3.—Catch and temperature data by block area for salmon caught off 
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Figure 4.—Distribution of catch by temperature and by month for catch, tem- 
perature at which most salmon were taken, mean catch temperature and its 
standard deviation, and sea surface temperature range and means for the three 
major block areas having salmon catches. Left, block 448; top, block 446; bot- 
tom, block 457. 


Southern California (Point Conception to Coronado 
Islands, Mexico) 


During the surveys, temperatures off southern California ranged 
from 9.4° to 23.3°C (49.0°-74.0°F). The coldest temperatures 
were in areas near Point Conception and the Santa Barbara Channel 
Islands, and the warmest temperatures occurred offshore southwest 
of Dana Point. Mean temperatures ranged from 12.0°C (55.1°F) off 
the Point Conception-Santa Barbara Channel Islands area, to 20.8°C 
(69.5°F) off Dana Point. 


Yellowtail.—The yellowtail is a pelagic coastal migratory species 
and commonly ranges from the southern tip of Baja California, Mex- 
ico, to near Point Conception, Calif. It is one of the most important 
sport fishes in southern California and an important commercial spe- 
cies in Mexico. The major sportfishing areas for yellowtail at the 
northern portion of their range are the Coronado Islands, Mexico, the 
kelp beds off Point Loma and La Jolla, Calif., and Catalina Island. 
These fish are caught off southern California in quantity only during 
the summer migration north from off the Baja California coast. The 
distribution of yellowtail catch and temperature off southern Califor- 
nia (Fig. 5) shows that the catch temperature mean is higher than the 
sea surface temperature mean in all months except September, Octo- 
ber, and November. These results indicate that greater catches are 
made in months when temperature is above the mean. 
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Figure 5.—Distribution of yellowtail catch off southern California and north- 
ern Mexico by month, August 1963-July 1968, for total catch, catch tempera- 
ture, and sea surface temperature range and means, and the standard 
deviations about the means. 


Figure 6a and b give the following information by block area for 
those areas having a catch of 1,000 or more yellowtail during the sur- 
vey period: the month of the greatest total catch; temperature at 
which most yellowtail were caught; the mean catch temperature; and 
the number of yellowtail in the sample. The yellowtail’s seasonal 
Migration northward can be detected by examining the dominant 
catch by block area by month. Near the Coronado Islands (block 
916), the first catch peak is recorded in June (block 860). The catch 
peak is also in June off Point Loma and La Jolla; however, yellowtail 
is taken for a long period during the summer months in this nearshore 
area. For block areas 761 and 762 north of Catalina Island, the peak 
catches are in June and July. Fishing along the coast near the greater 
Los Angeles area (block 720) peaks in October, as it does along the 
coast west of Los Angeles and off Santa Barbara. There is evidence 
of a late summer southward migration, as a second catch peak occurs 
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Figure 6.—Catch and temperature data by block area for yellowtail caught off 
southern California. 


off the Coronado Islands in September. The shift of the catch temper- 
ature mean to less than the sea surface temperature mean indicates 
greater catches during the late summer months, when temperatures 
are slightly lower than the mean. 

Graphs of the temperatures and catches of yellowtail in the three 
leading block areas (916, 860, 761) are provided in Figure 7a, b, c. 
These graphics show the distribution of catch by temperature and by 
month for catch, temperature at which most yellowtail were taken, 
monthly mean catch temperature, and standard deviation of the mean 
catch temperature. 


Pacific bonito.—Bonito is a species that is known to migrate con- 
siderable distances along the coasts of Baja California, Mexico, and 
into southern and central California. Like the yellowtail, these fish 
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Figure 7.—Distribution of catch by temperature and by month for catch, tem- 
perature at which most yellowtail were taken, mean catch temperature and its 
standard deviation, and sea surface temperature range and means for the three 
major block areas having yellowtail catches. Top left, block 916; bottom left, 


block 860; top right, block 761. 
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show a large increase in their northern latitudinal distribution during 
seasons when anomalous warm-water conditions exist in the north- 
east Pacific (Radovich 1961). For all block areas in southern Califor 
nia where bonito are caught, the mean monthly catch temperature is 
higher than the sea surface temperature mean, except for February, 
October, and November (Fig. 8). August is the peak catch period, 
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Figure 8.—Distribution of Pacific bonito catch off southern California and 
northern Mexico by month, August 1963-July 1968, for total catch, catch tem- 
perature and sea surface temperature range and means, and the standard devi- 


ation about the means. 


and block 860 located off Point Loma/La Jolla in the San Diego area 
has the largest recorded annual catch. Figure 9a and b give the fol- 
lowing information for block areas having a catch of 20,000 bonito cr 
more during the survey period: the month having the greatest total 
catch, temperature at which most bonito were caught, the mean catch 


temperature, and the number of bonito in the sample. 


PACIFIC 
BONITO 


151,483 


207,005 314,602 139,788 
y, 


JA 


e Oceanside 


16.6° 
189° 


47,160 55,130 


422 — Block number. 


8 — Month having most fish caught 
8.9°— SST at which most fish were 
= caught. (°C) 
10.9°-F catch —temp. (°C) 
| 1,993-No. of fish reported 
| Fe]-caten reported, but < 20,000 fish 249,141 

118° Nite: 


PACIFIC 
BONITO 


422 — Block sember. TE 
8 —WMoath having most fish caught 
8.9°— SST ot which most fish were 
caught. (°C) 


109°-T catch —tamp. (°C) 
1,993-Mo. of trad reported 

)-caten reported, bat < 20,000 fish =| 
120° 19° 


33° 


Figure 9.—Catch and temperature data by block area for Pacific bonito caught 
off southern California. 


Graphs of the temperatures and catches of bonito in the three lead- 
ing block areas (860, 720, 756) appear in Figure 10a, b, c for distri- 
bution of catch by temperature and by month for catch, temperature 
at which most bonito were taken, the monthly mean catch tempera- 
ture, and standard deviation of the mean catch temperature. 


Pacific barracuda.—Barracuda are caught mainly off Point La 
Jolla (block 860), near the city of San Clemente (block 756), and off 
Huntington Beach (block 718). Catch peaks occur off La Jolla during 
August and in Huntington Beach in September, with a few barracuda 


taken off Santa Barbara and the Channel Islands from August to 
October. In Figure 11, the catch temperature mean is higher than the 
sea surface temperature mean in all months except January and Feb- 
ruary; the means are about equal in those months. 

Figure 12a and b show, for block areas having a catch of 5,000 bar- 
racuda or more during the survey period: the month having the 
greatest total catch, temperature at which most barracuda were 
caught, the mean catch temperature, and the number of barracuda in 
the sample. 

The catch and temperature data for the three leading block areas 
(860, 756, 718) are given in Figure 13a, b, c for distribution of catch 
by temperature and by month for catch, temperature at which most 
barracuda were caught, mean catch temperature, and standard devia- 
tion of the mean catch temperature. 


White seabass.—All six major block areas for white seabass 
catches are along the coast from Point Loma to Dana Point, with the 
greatest numbers of white seabass recorded near Oceanside, Calif. 
(block 801). August is the peak catch period for the three major block 
areas, which are located off the coast from near Oceanside to Dana 
Point. There is still much to learn about the migratory habits of the 
white seabass, whether inshore, offshore, or alongshore. The catch 
temperature mean is higher than the sea surface temperature mean 
(Fig. 14) in all months except March, April, and November. 

Figure 15a shows block areas having a catch of 500 or more white 
seabass during the survey period, and Figure 15b shows block areas 
with catches greater than 100 fish: both show the month having the 
greatest total catch, temperature at which most white seabass were 
caught, mean catch temperature, and the number of white seabass in 
the sample. 

Graphs of temperatures and catches for the three leading block 
areas (801, 756, 822) are given in Figure 16a, b, c for distribution of 
catch by temperature and by month for catch, temperature at which 
most white seabass were caught, mean catch temperature, and stand- 
ard deviation of the mean catch temperature. 


Albacore.—One of the most desirable species caught off southern 
California is albacore tuna. These fish are commercially important, 
and support an intensive sportfishery when they appear in fishable 
concentrations off southern California. The environmental data on 
which the albacore catch temperatures are based were collected over 
only the inshore portion of the albacore catch area off southern Cali- 
fornia and are valid only for the areas covered by the survey and for 
the sportfishery which provided the catch data. 

Figure 17 shows that the peak catch is made during the months of 
July and August, with minor catches in October and November. A 
comparison of the catch temperature and temperature means shown 
in the figure indicates that the catch temperature mean is higher than 
the sea surface temperature mean in June, but falls below the temper 
ature mean during the peak catch period of August and September. 
These comparisons indicate that peak catches in the survey area were 
made in months when temperatures were below the mean. 

Block 882 west of San Diego includes the 43 Fathom Bank and is 
the leading catch area within the area covered by this study. Figure 
18a and b give catch and temperature data by block areas having a 
catch of 1,000 or more albacore: the month having the largest total 
catch, temperature at which most fish were caught, the mean catch 
temperature, and the number of albacore in the sample. 

Catch and environmental data are given for the three leading block 
areas (882, 916, 866) in Figure 19a, b, c, for distribution of catch by 
temperature and by month for catch, temperature at which most alba- 
core were caught, mean catch temperature, and standard deviation of 
the mean catch temperature. 
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Figure 10.—Distribution of catch by temperature and by month for catch, tem- 
perature at which most bonito were taken, mean catch temperature and its 
standard deviation, and sea surface temperature range and means for the three 
major block areas having Pacific bonito catches. Top left, block 860; bottom 
left, block 720; top right, block 756. 
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Figure 11.—Distribution of Pacific barracuda catch off southern California 
and northern Mexico by month, August 1963-July 1968, for total catch, catch 
temperature and sea surface temperature range and means, and the standard 
deviation about the means. 
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Figure 12.—Catch and temperature data by block area for Pacific barracuda 
caught off southern California. 


PART II—SEA SURFACE TEMPERATURE AND ITS 
RELATION TO THE CATCH OF THE PELAGIC 
MIGRATORY SPECIES OF YELLOWTAIL, 
PACIFIC BONITO, AND PACIFIC BARRACUDA 
OFF SAN DIEGO 


The airborne temperature surveys described in Part I were con- 
ducted monthly over a large geographical area. The survey track 
lines were not specifically designed to cross the geographical centers 
of sportfishing. Sportfishing effort is concentrated in localized areas 
along the southern California coast and around the offshore islands 


(Squire and Smith 1977). Two of the important marine sportfishing 
areas in southern California are located off San Diego. The Coronado 
Islands, located southwest of San Diego in Mexico, are in block area 
916, a high catch area for yellowtail by the sportfishing fleet. The 
second high catch area for yellowtail is block area 860 off Point La 
Jolla. Block area 860 is also the leading catch area for the Pacific bar- 
racuda and Pacific bonito, while block area 916 is the third-ranking 
catch area for Pacific bonito. 

In order to examine the relation of temperature changes to catch, a 
series of weekly airborne surveys, using an infrared radiometer to 
measure the surface temperature, were conducted over a 3-yr period, 
April through October 1972-74. The survey track lines (Fig. 20) 
were plotted to pass over the sportfishing area directly off Point La 
Jolla, and the heavily fished kelp bed areas off Pacific Beach and 
Point Loma. The flight track also passed over the kelp bed located 
nearshore just south of the United States-Mexico border These 
coastal kelp beds are important fishing areas for sportfishing. The 
survey track also passed near the north end of the North Coronado 
Islands, an intensively fished area, and over the kelp bed area south 
of the south Coronado Island (South Kelp). Track lines were flown 
out to 15 nmi offshore to obtain sufficient data to allow the drawing 
of isotherm charts. The charts depicted the temperature patterns 
observed within the coastal area off Torrey Pines State Beach Park, to 
about 8 nmi below the United States-Mexico border, and to about 15 
nmi offshore. Temperatures were calibrated to a “ground truth” mea- 
surement, obtained by a simultaneous sea surface temperature mea- 
surement made while passing directly over the U.S. Navy Undersea 
Center (NUC) Oceanographic Tower located about 1.5 nmi offshore 
from Mission Beach. The results of temperature observations made 
during the 90 surveys over the 320 nmi survey track conducted dur 
ing the 3-yr period, and a review of isotherm patterns observed, were 
published by Squire (1978). 


Results 


The average temperatures by month obtained over the Naval 
Oceanographic Tower (NUC) during the 1972-74 series of surveys 
were similar to those observed in the same monthly time period dur 
ing the U.S. Coast Guard surveys in 1963-68 (Part I). The NUC 
tower was used as a “ground truth” calibration point during both sur 
veys. Data pertaining to catch in numbers of fish, in numbers of fish 
per day, and effort in numbers of anglers per day, were obtained 
through the cooperation of the CF&G for the 31 wk from April 
through October 1972-74. 

The following is a general description of the temperature patterns 
from the areas where the fish catch and angler effort data for this 
study were taken. 

The area to the north and northwest of Point La Jolla (blocks 842, 
843) usually has temperatures that are greater than those found in 
other locations in the survey area. An area of upwelling with gener 
ally lower temperatures than those observed to the northwest occurs 
from off Point La Jolla to Pacific Beach, continuing offshore to the 
southwest (blocks 860, 861). This coastal upwelling area is also indi- 
cated by a temperature decline west of the NUC tower (block 860). 
The kelp bed area west of Point Loma (block 860) appears to be 
slightly warmer than the area to the north off Pacific Beach. South of 
Point Loma and about the San Diego harbor entrance channel (block 
878), a significant drop in temperature is usually observed. Tempera- 
tures south of Point Loma peninsula tend to remain lower than those 
found to the west, and remain low to the southeast of Point Loma and 
off the Coronado Strand, increasing slightly inshore off Imperial 
Beach. 
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Figure 13.—Distribution of catch by temperature and by month for catch, tem- 
perature at which most barracuda were taken, mean catch temperature and its 
standard deviation, and sea surface temperature range and means for the three 
major block areas having Pacific barracuda catches. Top left, block 860; bot- 
tom left, block 756; top right, block 718. 
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Figure 14.—Distribution of white seabass catch off southern California and 
northern Mexico by month, August 1963-July1968, for total catch, catch tem- 
perature and sea surface temperature range and means, and the standard devi- 
ation about the means. 
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Figure 15.—Catch and temperature data by block area for white seabass 
caught off southern California. 


Along the coast south of the United States-Mexico border, the 
northern boundary of an extensive coastal upwelling zone is fre- 
quently observed. The upwelling increases along the shore to the 
south and often extends further offshore. Temperatures warmer than 
those found near the coast of Mexico occur offshore about the Cor 
onado Islands (block 916); these temperatures are more typical of 
those found nearshore off Point La Jolla in the northern portion of the 
survey area. 

The 3-yr survey period off San Diego showed that 1973 was cooler 
than 1972, which was a year with above-normal warming along the 
west coast of North and South America (“El Nino” year). The aver 
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age temperatures in 1974 were warmer than those in 1973, but not as 
warm as those in 1972. In 1974, however, an anomalous short-term 
warming period occurred in early July off southern California, and 
the highest temperatures for the 3-yr period were recorded at that 
time. 

Species of yellowtail, Pacific barracuda, and Pacific bonito were 
selected for study, since statewide maximum catches of these three 
species were recorded in 1963-68 surveys from block areas within 
the study area. These blocks gave the greatest catch sample, and if a 
relation between catch and temperature exists it may be evident in the 
data for these block areas. 

The temperatures obtained during the surveys, catch in numbers of 
fish, and the CPUE are given by weeks in 1972-74 for species of yel- 
lowtail (block 916), Pacific bonito (block 860), and Pacific barra- 
cuda (block 860) in Figure 21, 22, 23 a, b, c. 


Catch Temperature Variation 


There is considerable variation in catch temperature relative to the 
geographical location of the temperature measurements. The 
1963-68 observations of yellowtail are one example: in the leading 
block area near the Coronado Islands (block 916), the mean catch 
temperature was 17.5°C (63.6°F), while 20 mi away off the Point La 
Jolla—Pacific Beach area (block 860) it was 17.9°C (64.2°F). Far 
ther north about Catalina Island (block 761), it was 17.4°C (63.4°F), 
similar to that of the Coronado Islands. However, 30 mi north of 
Catalina Island along the mainland coast off Point Vincente (block 
720), the mean catch temperature rose to 19.0°C (66.2°F). 

Although catch temperature data are limited for the sport catch of 
albacore off southern California, catch temperatures west of San 
Diego averaged 18.3°C (65°F) to 18.9°C (66°F). Airborne temper 
ature surveys off central California observed that commercial alba- 
core fishing operations were in waters of 16.1°C (61.0°F) to 17.2°C 
(63.0°F) (Squire 1969). 

By using the block areas containing major catch as “key areas” for 
the pelagic species of interest, it is reasonable to assume that temper 
ature and catch data could be used within statistical limits to better 
define the relation of environment to catch. The 1972-74 surveys 
were conducted for this purpose and a detailed anaylsis made of the 
catch, temperature, and effort data. 


ANALYSIS AND CONCLUSIONS— 
PARTS I AND II 


In natural populations where sampling is selective rather than ran- 
dom or systematic, it is extremely difficult to separate chance events 
from fundamental or persistent relationships. This is particularly true 
of catch-environmental relationships because 1) all organisms seem 
to aggregate in time and space, 2) the nature of the selectivity (non- 
randomness of effort) is itself environmentally related, and 3) spatial- 
temporal-environmental interactions may completely obscure the 
main effects. 

It is common for fisheries researchers to attempt to establish a rela- 
tionship between catch and temperature. In a study of this type, the 
important considerations are that 1) temperature is seasonally cycli- 
cal and monotonically increases or decreases within season, and 2) 
spatial-environmental interactions will alter the probabilites that the 
population will be within the range of the fishing gear. Thus, in order 
to establish evidence for temperature preference, one must, at mini- 
mum, stratify catch by season and area, and examine the relationship 
of temperature and catch or CPUE within strata. The limitation of 
this kind of analysis is that, within strata, the temperature range is 
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Figure 16.—Distribution of catch by temperature and by month for catch, tem- 
perature at which most white seabass were taken, mean catch temperature and 
its standard deviation, and sea surface temperature range and means for the 
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800 WHITE SEA BASS tom left, block 756; top right, block 822. 
BLOCK NUMBER 756 
600 
400 DISTRIBUTION OF CATCH 
BY TEMPERATURE 
200) 
° = F mie AvaniM J J Asie Os END MM nicnace 
7.2(°C) 10.0 15.0 20.0 23.8 
238 2,000 e 
= £ 205 
600 £ fees £ 
2001 TEMPERATURE AT WHICH = 2 ra 
- = > 
MOST FISH WERE CAUGHT 1,200 © & 60 58 
2 : : 
15.0 — - 55 = 
800 = u 
oO 50 10 
10.0 400 & 120 
; 2 Fa TOTAL CATCH 
2100) aE st wa 129,535 
a ee ie 
238 
8 sof pall Lath 
2 ao] TeMpeRsTuRE TEMPERATURE 
3 
Fd 


Figure 17.—Distribution of albacore catch off southern California and north- 
ern Mexico by month, August 1963-July 1968, for total catch, catch tempera- 
ture and sea surface temperature range and means, and the standard deviation 
about the means. 
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Figure 18.—Catch and temperature data by block area for albacore caught off 
southern California. 


usually small, minimizing the likelihood of significant statistical rela- 
tionships. It may well be the case that temperature preference can 
only be established either by 1) the preponderance of evidence in 
selective sampling investigations, as presented in this report, or 2) 
intensive investigations within particular temporal-spatial strata. 

The catch and temperature data obtained during the 1972-74 sur- 
veys were stratified by year and species (Pacific barracuda, yellow- 
tail, and Pacific bonito). For each species, analyses were conducted 
using the 3 yr of catch in the block area (916 or 860) having the 
greatest catch for that species. Using data for all 3 yr, cumulative 
preference curves (Kolmogorov-Smirnov) of catch vs. temperature, 
and cumulative temperature curves were plotted. 
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In general, graphs show increased catch rates for all species 
through the midrange temperatures of 17.8° to 20.0°C (64.0° to 
68.0°F), with a reduction in tate above 20.5°C (69.0°F). Table 1 
lists the temperature at the 20th, 50th, and 80th percentiles of the 
catch preference curves for each species. The corresponding percen- 
tiles of the temperature curve for the 31-wk period are shown below: 


Block 20% 50% 80% 
860 16.6°C(62.0°F) 18.6°C(65.5°F) — 20.5°C(69.0°F) 
916 16.1°C(61.0°F) —18.6°C(65.5°F) — 20.2°C(68.5°F) 


The average temperature at the 20th catch percentile is slightly 
above the 20th percentile for temperature, indicating that fewer fish 
were taken at the very lowest temperatures; beyond that, catch 
appears representative of the temperature distribution. 

Large catches of 30% or more above the means were identified, 
and the corresponding sea surface temperature for each was 
recorded. The temperatures for all large catches were averaged by 
year and are given in Table 2. Overall, large catches ranged in tem- 
perature from 16.2°C (61.2°F) to 23.0°C (73.5°F), with a mean 
value of 19.5°C (67.1°F) for Pacific barracuda, 18.5°C (65.4°F) for 
yellowtail, and 19.6°C (67.4°F) for Pacific bonito. 

The relationship of catch and temperature may be examined using 
Spearman and Kendall nonparametric rank correlation tests assuming 
fishing effort is equally distributed over the temperature range within 
any time period. The results of these two tests for the relationships of 
1) temperature and catch of all species per unit effort, and 2) tempera- 
ture and catch of all species for the 31 wk, are shown in Table 3. The 
correlations are consistently higher for catch than for CPUE, indica- 
ting an increase in effort with increasing catch. Thus, the temperature 
and catch relationship will be confounded with changing levels of 
effort. Therefore, only the relationship of temperature and CPUE 
was tested in subsequent analyses. 

For the 31 wk being analyzed, one of the nine tests was statistically 
significant at the .05 level using the Kendall test, and two tests were 
statistically significant using the Spearman test. Since the assumption 
of equal distribution of effort over the temperature range became less 
likely as the fishing season progressed, similar tests were catried out 
fora 17- and a 12-wk period. These results are shown in Table 3. For 
the 17—-wk period, three Kendall and five Spearman tests were statis- 
tically significant; for the 12-wk period, two Kendall and six Spear 
man tests were statistically significant. The Kendall test is more 
conservative in all cases. On the average, about one-half of the indi- 
vidual tests were statistically significant at the .05 level. 

The distribution of catch over the temperature range appeared dis- 
proportionate only in the lower temperature range. To examine the 
possibility of a similar relationship for temperature and CPUE, 
cumulative CPUE curves were obtained for the three species, and the 
temperature distribution withing each percentile range (0-20, 20-40, 
40-60, 60-80, and 80-100) was recorded. The results for all data 
combined are shown below. Numbers in parentheses indicate how 
often catches would be expected in a particular temperature range if 
temperature had no effect of CPUE. 


Cumulative CPUE 
(0-observed/E-expected) 


0-20 20-40 40-60 60-80 80-100 
ON MNEs OPE ORE Oban Es ORE 
12.7°-15.6°C (55°-60°F) 28 (18) 2) +5) 1 (4) 0 (3) 1 (2) 
15.6°-18.3°C (60°-65°F) 44 (50) 21 (15) 5 (11) 9 () 9 (5) 
18.3°-21.1°C (65°-70°F) 69 (73) 19 (23) 25 (16) 11 (10) 6 (8) 
21.1°-23.9°C (70°-75°F) 8 (8) 4 (3) 2 (2) 1 (1) 0 () 
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Figure 19.—Distribution of catch by temperature and by month for catch, tem- 
perature at which most albacore were taken, mean catch temperature and its 
standard deviation, and sea surface temperature range and means for the three 
major block areas having albacore catches. Top left, block 882; bottom left, Figure 20.—Survey flight track pattern flown during the 3-yr study of sea sur- 
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Figure 21.—Plots of CPUE and temperature by weekly periods, April through October 1972 (top), 1973 (middle), 1974 (bottom), for yellowtail catches made in block 
916. 
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Figure 22.—Plots of CPUE and temperature by weekly periods, April through October 1972 (top), 1973 (middle), 1974 (bottom), for Pacific barracuda catches made 
in block 860. 
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Figure 23.—Plots of CPUE and temperature by weekly periods, April through October 1972 (top), 1973 (middle), 1974 (bottom), for Pacific bonito catches made in 
block 860. 
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Table 1.—Breakdown of percent catch to temperatures (° F-° C) 
observed from Kolmogorov-Smirnovy graphs. 


Catch 

Period 20% 50% 80% 
17 Weeks 
Barracuda 
block 860 

1972 64.5°F 67.0°F 69.0°F 

1973 63.5 66.0 67.0 

1974 63.0 64.5 66.5 

x 63.72>(17.6=) 65.82>(18.8=) 67.5>(19.7>) 
Yellowtail 
block 916 

1972 62.0 65.0 68.0 

1973 62.0 62.5 64.5 

1974 61.5 63.0 68.0 

x 61.8=(16.5=) 63.52=(17.5=) 66.82(19.3=) 
Bonito 
block 860 

1972 66.0 67.0 69.0 

1973 61.0 65.0 67.0 

1974 62.5 63.5 73.0 

x 63.22(17.32) 65.22(18.4=) 69.72(20.9>) 
31 Weeks 
Barracuda 
block 860 

1972 64.0 67.0 69.0 

1973 64.0 66.0 67.5 

1974 63.0 64.5 69.0 

ix 63.72=(17.6=) 65.82=(18.8>) 68.5 >(20.3 =) 
Yellowtail 
block 916 

1972 62.0 65.0 68.5 

1973 62.0 63.0 66.0 

1974 62.5 66.0 69.0 

x 62.22(16.8=) 64.72(18.2=) 67.82(19.9>) 
Bonito 
block 860 

1972 64.5 66.5 69.0 

1973 63.5 65.5 67.0 

1974 63.5 66.5 70.0 

x 63.82(17.7=) 66.22>(19.0=) 68.6>(20.4>) 


Again there is strong evidence that the lowest temperature range, 
12.7° to 15.6°C (55° to 60°F), is the only area where catch rates are 
lower than expected. 

While evidence of correlations between angler success and ocean 
temperature for species of yellowtail and Pacific barracuda have been 
reported by Radovich (1975), it is difficult to interpret data from 
investigations where sampling may be selective, especially if the 
selection is temperature related. The obvious relationship of catch 
and temperature may simply reflect increased effort, or may be due 
primarily to sampling above and below the temperature range of the 
species. The data presented in this report suggest the latter, and there 
is little evidence to indicate a preferred temperature within the range 
15.6° to 21.1°C (60° to 70°F). 

Again, it should be stressed that fishery data are not optimum for 
examining this hypothesis because of the serious confounding of 
cause and effect. Simultaneous observations of the spatial distribu- 
tion of the species, environmental measurements over the extent of 
distribution, and the changes that occur over time, must all be consid- 
ered before the true relationship of these pelagic species to the envi- 
ronmental factor of sea surface temperature can be established. 
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Table 2.—Mean temperatures for large catches. 


Calculated Mean temperature for 
Species- Catch = Mean catch large catch large catches | yr 
Period lyr 1 wk | wk (°F-°C) 
Barracuda 
block 860 
1972 3,245 107.7 167.5  67.5°F 
1973 13,303 429.1 686.6 66.1 67.1°F (19.5°C) 
1974 13,109 422.9 676.6 67.8 
Yellowtail = 
block 916 
1972 21,441 691.6 1,106.6 65.2 
1973 142,556 4,598.6 7,357.8 64.1 65.3° F (18.5°C) 
1974 63,470 2,047.4 3,275.8 66.8 
Bonito 
block 860 
1972 51,148 1,899.4 3,031.0 66.9 
1973 104,790 3,380.3 5,408.5 66.4 67.4°F (19.6°C) 
1974 54,672 1,763.6 2;821.8 68.9 
* 66.6°F (19.2°C) 
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Table 3.—Nonparametric correlation for sea surface temperature and catch of all species per unit effort and catch 
of all species (no. of fish), 1972-74, for 31-, 17-, and 12-wk survey periods, and significance at the .05 level. 


KENDALL SPEARMAN KENDALL SPEARMAN| KENDALL SPEARMAN 


Species SST SST SST SST SST SST SST 
Block no. /CPUE /No. fish /CPUE /No. fish /CPUE /CPUE /CPUE 
31 weeks 17 weeks 12 weeks 
Barracuda 
block 860 
1972 Corr. 031 310 018 424 558 746 472 628 
Sig. .05 No No No Yes Yes Yes No Yes 
1973 Cort. 465 .607 643 796 356 498 -614 769 
Sig. .05 Yes Yes Yes Yes No Yes Yes Yes 
1974 Corr. -035 173 -061 .263 -602 .792 384 -518 
Sig. .05 No No No No Yes Yes No No 
Yellowtail 
block 916 
1972 Corr. -.070 -.081 -.170  -.131 -.069 -.076 -453 -625 
Sig. .05 No No No No No No No Yes 
1973 Cort. -100 311 159 438 164 .202 605 761 
Sig. .05 No No No No No No No Yes 
1974 Corr. -208 .283 -280 .378 390 .732 .837 928 
Sig. .05 No No No Yes Yes Yes Yes Yes 
Bonito 
block 860 
1972 Corr. -.102 000 ~.098 043 346 582 600 arial 
Sig. .05 No No No No No No No No 
1973 Corr. 153 -363 .276 537 347 505 .290 518 
Sig. .05 No Yes No Yes No Yes No No 
1974 Corr. 292 481 .423 646 .237 313 515 -699 
Sig. .05 No Yes Yes Yes No No No Yes 
SQUIRE, J. L., JR., and S. E. SMITH. WALFORD, L. A. 
1977. Anglers’ guide to the United States Pacific coast. U.S. Dep. Commer., 1931. Northward occurrence of southern fish off San Pedro in 1931. Calif. 
NOAA, National Marine Fisheries Service, Seattle, Wash., 139 p. Fish Game 17: 401-405. 
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Parasite-Host Records of Alaskan Fishes 


ADAM MOLES' 


ABSTRACT 


This report summarizes the published records of parasites of freshwater and coastal marine fishes of 
Alaska through 1980. The report is organized both by parasite and by host, is cross-referenced, and provides a 
convenient, single source of information on parasites of Alaskan fishes. 


INTRODUCTION 


References to parasites and their hosts for freshwater and coastal 
, marine fishes of Alaska are scattered in dozens of published papers. 
This report provides a single source of published host-parasite 
records. Secondarily, it reveals host species for which little informa- 
tion on parasites exists. 

Ihave attempted to include all formally published accounts (except 
collections from the high seas) of parasites of fish from Alaskan 
coastal or freshwaters through 1980. Most of these publications are 
from faunal surveys. The work of Jellison and Neiland (1965) was 
especially helpful in identifying some of the major pre-1960 work. I 
invite readers to call my attention to omissions. 

For consistency in spelling, two references were used: Robins et 
al. (1980) and Margolis and Arthur (1979). No attempt has been 
made to unravel the complexities of parasite synonomy or to check 
the validity of published records. Scientific names have generally 


‘Northwest and Alaska Fisheries Center Auke Bay Laboratory, National Marine 
Fisheries Service, NOAA. P. O. Box 155, Auke Bay, AK 99821. 


been left as the authors reported them unless most of the literature has 
clearly adopted a different name. 

The report consists of two sections—parasite-host and host- 
parasite. In the parasite-host section, parasites are listed in the fol- 
lowing order: Protozoa, Myxozoa, Monogenea, Trematoda, 
Cestoda, Nematoda, Acanthocephala, Hirudinea, Isopoda, Copep- 
oda, and Mollusca (glochidia). Parasites within each group are listed 
alphabetically with the reported hosts for each parasite, with the 
appropriate reference. Only the first reported instance of each 
parasite-host relation is cited, and duplicate citations have been 
avoided except where a subsequent citation is more readily available 
or more complete. The adult and larval forms are listed separately for 
Trematoda, Cestoda, and Nematoda. Forms for which the life stage 
cannot be determined are listed with the adults. The host-parasite sec- 
tion lists parasites found on or in a given fish. The host families are 
organized phylogenetically after Robins et al. (1980). Within each 
family, genera are listed alphabetically. Larval forms of parasites are 
indicated by an asterisk (*) in the host listings. 


Parasite 


Cryptobia sp. 


Eimeria clupearum 
(Thelohan 1894) Doflein 
1909 


Eimeria nishin 
Fujita 1934 


Ceratomyxa asymmetrica 
Moser and Noble 1976 


Chloromyxum coregoni 
Bauer 1948 


Chloromyxum wardi 
Kudo 1920 


Henneguya salminicola 
Ward 1919 


Kudoa sp. 


Myxobolus krokhini 


Konovalov and Shulman 1966 


Myxoproteus abyssus 
Yoshino and Moser 1974 


Ortholinea orientalis 
(Shulman and Shulman- 
Albova 1953) 


Zschokkella meglitschi 
Moser and Noble 1977 


PARASITE-HOST LIST 


Host 


PROTOZOA 


Cottus aleuticus 


Clupea harengus pallasi 


Clupea harengus pallasi 


MYXOZOA (MYXOSPOREA) 


Coryphaenoides cinereus 
Oncorhynchus nerka 
Oncorhynchus nerka 


Oncorhynchus gorbuscha 
O. keta 


0. kisutch 
QO. nerka 
0. tshawytscha 


Hippoglossus stenolepis 
Eopsetta jordani 
Microstomus pacificus 


Oncorhynchus nerka 
Coryphaenoides cinereus 
Co Mongiitiihis 

Clupea harengus pallasi 


Coryphaenoides longifilis 


Reference 


Becker and Katz 1965 
Arthur and Arai 1980 


Arthur and Arai 1980 


Moser and Noble 1976 


Konovalov 1971 


Kudo 1920 


Fish 1939 
Fish 1939 
Fish 1939 
Fushel939 
Fish 1939 


Patashnik and 
Groninger 1964 
Patashnik and 
Groninger 1964 
Patashnik and 
Groninger 1964 


Konovalov 1971 
Yoshino and Moser 1974 
Yoshino and Moser 1974 


Arthur and Arai 1980 


Moser and Noble 1977 


Parasite 


Acanthocotyle williamsi 
(Price 1938) Yamaguti 1963 


Benedenia derzhavini 
(Layman 1930) Meserve 1938 


Cyclocotyloides pinguis 
(Linton 1940) Price 1943 


Dactylogyrid 


Entobdella hippoglossi 
(0. F. Muller 1776) 


Johnston 1856 


Gyrodactyloides strelkowi 
Bykhovskaya and 


Polyanskaya 1953 


Microcotyle sebastis 
Goto 1894 


Squalonchotyle somniosi 
(Causey 1926) 


Tetraonchus alaskensis 
Price 1937 


Tetraonchus rauschi 
Mizelle and Webb 1953 


Tetraonchus variabilis 
(Mizelle 1953) 


Trochopus marginata 
(Folda 1928) Price 1936 


Trochopus sp. 


Host 


MONOGENEA 


Raja sp. 


Sebastes aleutianus 
Salus 


S. zacentrus 


Coryphaenoides pectoralis 


Thymallus arcticus 
Hippoglossus stenolepis 


Oncorhynchus nerka 


Sebastes alutus 
S. zacentrus 


Somniosus pacificus 


Oncorhynchus kisutch 
QO. nerka 


Salmo clarki 
Salvelinus malma 


Thymallus arcticus 


Prosopium cylindraceum 


Sebastes ruberrimus 


S. melanops 


Sebastes aleutianus 
SeVallutus 
SH cilliiaitus 


S. zacentrus 


Reference 


Price 1938 


Sekerak 1975 
Mamaev 1965 
Sekerak 1975 


McCauley and Smoker 1969 


Dunagan 1957 


Price 1939 


Pennell et al. 1973 


Sekerak 1975 
Sekerak 1975 


Causey 1926 


Price 1937 
Margolis 1963 
Price 1937 
Price 1937 


Mizelle and Webb 1953 


Mizelle and Webb 1953 


Yamaguti 1963, 
Bonham 1950 
Bonham 1950 


Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Parasite 


Aponurus argentini 
Polyanski 1952 


Aporocotyle margolisi 
Smith 1967 


Brachyphallus crenatus 


(Rudolphi 1802) Odhner 1905 


Bunodera luciopercae 
(Muller 1776) Luhe 1909 


Bunodera sp. 


Crepidostomum farionis 
(Muller 1780) Luhe 1909 


Crepidostomum isostomum 
Hopkins 1931 


Crepidostomum sp. 


Derogenes macrostoma 
Yamaguti 1938 


Derogenes varicus 
(Muller 1784) Looss 1901 


Host 


ADULT TREMATODA 


Merluccius productus 


Merluccius productus 


Clupea harengus pallasi 
Oncorhynchus gorbuscha 
QO. nerka 


0. tshawytscha 
Osmerus mordax 


Salvelinus alpinus 


Gasterosteus aculeatus 


Esox lucius 


Oncorhynchus nerka 
Salmo gairdneri 
Salvelinus alpinus 


S. namaycush 


Thymallus arcticus 


Oncorhynchus nerka 


Salmo gairdneri 
Salvelinus malma 


Merluccius productus 


Hemilepidotus hemilepidotus 
Hippoglossus stenolepis 
Lepidopsetta bilineata 
Lycodes palearis 

Merluccius productus 


Oncorhynchus gorbuscha 
0. nerka 


Ronquilus jordani 
Sebastes aleutianus 


S. alutus 
S52 Ciliatus 
S$. zacentrus 


Reference 


Kovalenko 1970 


Kovalenko 1970 


Arthur and Arai 1980 
Margolis 1957 
Margolis 1963 

Riis 1974 

Neiland 1962b 


Mudry and McCart 1976 


Dunagan 1957 


Dunagan 1957 

Margolis 1963 

Dunagan 1957 

Mudry and McCart 1976 
Dunagan 1957 


Dunagan 1957 


Neiland 1962a 
Neiland 1962a 
Neiland 1962a 


Kovalenko 1970 


Kruse 1977 
Kruse 1977 
Kruse 1977 
Kruse 1977 
Kovalenko 1970 
Margolis 1957 
Margolis 1963 
Kruse 1977 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Parasite 


Adult Trematoda (continued) 


Fellodistomum furcigerum 
(Olsson 1867) Yamaguti 1954 


Fellodistomum sebastodis 
Yamaguti and Matumura 1942 


Gonocerca oshoro 
Shimazu 1970 


Hemiurus levinseni 
Odhner 1905 


Lampritrema miescheri 
(Zschokke 1890) Margolis 1962 


Lecithaster gibbosus 
(Rudolphi 1802) Luhe 1901 


Lecithochirium sp. 


Lecithophyllum botryophorum 
(Olsson 1868) Odhner 1905 


Lecithophy11]um 


spaerolecithum 
(Manter 1925) Odhner 1927 


Neohelicometra sebastis 
Sekerak and Arai 1974 


Neolepidapedon sebastisci 
(Yamaguti 1938) Manter 1954 


Opechona alaskensis 
Ward and Fillingham 1934 


Host 


Merluccius productus 


Sebastes alutus 
SPSCiiiiakus 


S. polyspinis 


Coryphaenoides pectoralis 


Boreogadus saida 


Oncorhynchus gorbuscha 


QO. nerka 


Brama japonica 


Clupea harengus pallasi 
Oncorhynchus gorbuscha 


QO. nerka 
Sebastes alutus 


Merluccius productus 


Oncorhynchus gorbuscha 


QO. nerka 
Sebastes alutus 
S. ciliatus 


Sebastes alutus 
Sebastes alutus 


Sebastes aleutianus 
S. zacentrus 


Porichthys notatus 


Sebastes alutus 


See gedvacus 
S. polyspinis 
Se 


zacentrus 


Reference 


Kovalenko 1970 


Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Shimazu 1970 


Dunagan 1957 
Margolis 1957 
Margolis 1963 


Margolis 1962 


Arthur and Arai 1980 
Margolis 1957 
Margolis 1963 

Mamaev 1965 


Kovalenko 1970 


Margolis 1957, 1958a 
Margolis 1963, 1958a 
Sekerak 1975 
Sekerak 1975 


Mamaev 1965 


Sekerak 1975 


Sekerak 1975 
Sekerak 1975 
Ward and Filling- 
ham 1934 
Sekerak 1975, 
Mamaev 1965 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Parasite 


Adult Trematoda (continued) 


Opechona occidentalis 
Montgomery 1957 


Parahemiurus merus 


(Linton 1910) Woolcock 1935 


Peracreadium gasterostei 


(Dunagan 1957) 


Phyllodistomum lysteri 
Miller 1940 


Phyllodistomum sp. 


Podocotyle atomon 


(Rudolphi 1802) Odhner 1905 


Podocotyle reflexa 


(Creplin 1825) Odhner 1905 


Podocotyle sp. 


Pronoprymna petrowi 
(Layman 1930) Bray and 


Gibson 1980 


Prosorhynchoides basargini 
(Layman 1930) Margolis and 


Arthur 1978 


Prosorhynchoides sp. 


Prosorhynchus crucibulum 
(Rudolphi 1819) Odhner 1905 


Prosorhynchus mizelli 
Kruse 1977 


INIDIDIM 


Host 


Sebastes ciliatus 


Oncorhynchus gorbuscha 


Gasterosteus aculeatus 


Dallia pectoralis 


Salvelinus alpinus 
Thymallus arcticus 


Sebastes alutus 
Sebastes reflexa 


Sebastes aleutianus 
alutus 

ciliatus 
polyspinis 
zacentrus 


Clupea harengus pallasi 


Oncorhynchus gorbuscha 
Q. nerka 


Oncorhynchus gorbuscha 
Q. nerka 


Osmerus mordax 


Sebastes aleutianus 
S. alutus 


SS icailiiatus 


S$. zacentrus 


Aptocyclus ventricosus 


Reference 


Sekerak 1975 


Margolis 1957 


Dunagan 1957 


Dunagan 1957 


Mudry and McCart 1976 
Dunagan 1957 


Mamaev 1965 


Mamaev 1965 


Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Arthur and Arai 1980 
Margolis and Ching 1965 
Margolis and Ching 1965 


Margolis 1957 
Margolis 1963 


Neiland 1962b 
as Bucephalopsis sp. 
Sekerak 1975 
Sekerak 1975 


Sekerak 1975 
Sekerak 1975 


Kruse 1977 


Parasite 


Adult Trematoda (continued) 
Psettarium sebastodorum 


Holmes 1971 


Pseudopecoelus nossamani 
Kruse 1977 


Stephanostomum californicum 
Manter and Van Cleave 1951 


Stephanostomum dentatum 
(Linton 1900) Linton 1940 


Tubulovesicula lindbergi 


(Layman 1930) Yamaguti 1934 


Urinatrema aspinosum 
Schiller 1956 


Diplostomulum sp. 


Nanophyetus salmincola 
Chapin 1926 


Prosorhynchoides basargini 
(Layman 1930) Margolis and 


Arthur 1978 


Prosorhynchus sp. 
Rhipidocotyle sp. 
Stephanostomum sp. 
Tetracotyle sp. 


Bothrimonus sturionis 
Duvernoy 1842 


Host 


Sebastes alutus 


S. polyspinis 
S. zacentrus 


Hippoglossus stenolepis 


Anoplopoma fimbria 


Sebastes aleutianus 


Oncorhynchus gorbuscha 
0. nerka 


Hexagrammos lagocephalus 


LARVAL TREMATODA 


Oncorhynchus nerka 
Oncorhynchus sp. 


Clupea harengus pallasi 


Hemilepidotus hemilepidotus 
Clupea harengus pallasi 


Atheresthes stomias 


Oncorhynchus gorbuscha 
O. nerka 


ADULT CESTODA 


Coregonus sp. 


Oncorhynchus gorbuscha 
0. nerka 


Salvelinus alpinus 
S. malma 


Reference 


Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Kruse 1977 
Kovalenko 1970 
Sekerak 1975 
Margolis 1957 


Margolis 1963 


Sehimsier 21956 


Margolis 1957 


Farrell 1964 


Arthur and Arai 1980 


Kruse 1977 
Arthur and Arai 1980 
Kovalenko 1969 


Margolis 1957 
Margolis 1963 


Burt and Sandeman 1969 
Margolis 1963 

Mudry and McCart 1976 
Cooper 1921 


Parasite 


Adult Cestoda (continued) 


Bothriocephalus 


ospariichthydis 
Yamaguti 1934 


Bothriocephalus scorpii 
(0. F. Muller 1776) 


Rudolphi 1808 


Cyathocephalus truncatus 
(Pallas 1781) Kessler 1868 


Diplocotyle olrikii 
Krabbe 1874 


Eubothrium crassum 
(Bloch 1779) Nybelin 1922 


Eubothrium salvelini 
(Schrank 1790) Nybelin 1922 


Eubothrium sp. 


Glaridacris catostomi 
Cooper 1920 


Monorygma perfectum 
(Van Beneden 1853) 


Nybelinia surmenicola 
Okada in Dollfus 1929 


Pedibothrium pinguicollum 
(Sleggs 1927) Price 1938 


Proteocephalus filicollis 


Host 


Merluccius productus 


Sebastes alutus 


Esox lucius 


Oncorhynchus kisutch 
Salvelinus alpinus 


S. nmamaycush 


Oncorhynchus gorbuscha 
QO. nerka 


Salmo gairdneri 
Salvelinus alpinus 


Oncorhynchus gorbuscha 
QO. nerka 


Oncorhynchus kisutch 
QO. nerka 
OQ. tshawytscha 


Salmo gairdneri 
Salvelinus malma 


Catostomus commersoni 


Somniosus pacificus 


Lamna ditropis 


Raja sp. 


Prosopium cylindraceum 


(Rudolphi 1802) Weinland 1858 


Reference 


Kovalenko 1970 


Mamaev 1965 


Dunagan 1957 

Riis 1974 

Mudry and McCart 1976 
Dunagan 1957 


Margolis 1957 
Margolis 1963 


Dunagan 1957 
Mudry and McCart 1976 


Margolis 1957 
Pennell] et al. 1973 


Riis 1974 
Margolis 1963 
Riis 1974 
Riis 1974 
Riis 1974 


Dunagan 1957 


Linton 1924 


Shimazu 1975 


Price 1938 


Dunagan 1957 


Parasite Host Reference 


Adult Cestoda (continued) 


Proteocephalus sp. Dallia pectoralis Dunagan 1957 
Oncorhynchus kisutch Riis 1974 
QO. nerka Pennell et al. 1973 
Prosopium cylindraceum Riis 1974 
Salmo gairdneri Riis 1974 
Salvelinus alpinus Mudry and McCart 1976 
S. malma Riis 1974 
Thymallus arcticus Riis 1974 

Triaenophorus crassus Esox lucius Dunagan 1957 

Forel 1868 Salvelinus namaycush Dunagan 1957 


LARVAL CESTODA 


Bothriocephalus scorpii Sebastes alutus Sekerak 1975 
(Muller 1776) Rudolphi 1808 S. zacentrus Sekerak 1975 
Bothriocephalus sp. Merluccius productus Kovalenko 1970 

Diphyllobothrium dalliae Dallia pectoralis Rausch 1956 
Rausch 1956 
Diphyllobothrium dendriticum Salmo gairdneri Hilliard 1960 
(Nitzsch 1824) Luhe 1910 
Diphyllobothrium osmeri Osmerus mordax Hilliard 1960 
(Von Linstow 1878) 
Diphyllobothrium phocarum Eleginus gracilis Hilliard 1960 
(Fabricius 1780) 
Diphyllobothrium ursi Oncorhynchus nerka Rausch 1954, 
Rausch 1954 Hilliard 1960 
Diphyllobothrium sp. Dallia pectoralis Colyar 1963 
Merluccius productus Kovalenko 1970 
Oncorhynchus nerka Margolis 1963 
Pungitius pungitius Colyar 1963 
Salmo gairdneri Babero and Rausch 1953, 


Needham and Behnke 1965 


Ligula intestinalis Salmo gairdneri Dunagan 1957 
(Linn. 1758) Gmelin 1790 


Parasite Host Reference 


Larval Cestoda (continued) 


Kovalenko 1970 
Kovalenko 1969 
Arthur and Arai 1980 
Hart 1936 

Kovalenko 1970 
Margolis 1957 


Nybelinia surmenicola 
(Okada in Dollfus 1929) 


Anoplopoma fimbria 
Atheresthes stomias 


Clupea harengus pallasi 
Hexanchus griseus 
Merluccius productus 


Oncorhynchus nerka 


Nybelinia sp. 
Phyllobothrium caudatum 


(Zschokke and Heitz 1914) 


Zmeev 1936 


Phyllobothrium sp. 


Proteocephalus sp. 


Schistocephalus solidus 
(Muller 1776) 


Steenstrup 1857 


Scolex pleuronectis 
Muller 1788 


Scolex sp. 


Tetrarhynchus sp. 


Triaenophorus crassus 
Forel 1868 


Triaenophorus sp. 


Sebastes aleutianus 
alutus 

ciliatus 

. polyspinis 

. zacentrus 


[||| 


Theragra chalcogramma 


Oncorhynchus gorbuscha 
QO. keta 


0. nerka 


Oncorhynchus gorbuscha 
O. keta 


S. alutus 

S..€7 lilatus 
S. polyspinis 
S. zacentrus 


Oncorhynchus nerka 


Gasterosteus aculeatus 


Pungitius pungitius 


Clupea harengus pallasi 
Sebastes alutus 


Anoplopoma fimbria 
Merluccius productus 


Hexanchus griseus 


Oncorhynchus keta 
0. nerka 


Thymallus arcticus 


Dallia pectoralis 
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Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Akmerov 1951 


Margolis 1957 
Canavan 1928 
Margolis 1963 


Riis 1974 
Riis 1974 
Riis 1974 
Riis 1974 
Riis 1974 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Margolis 1963 


Cooper 1918, 


Hilliard 1960, 


Valdez 1974 
Hilliard 1960 


Arthur and Arai 1980 


Mamaev 1965 


Kovalenko 1970 
Kovalenko 1970 


Hart 1936 


Uzmann and Hesselholt 1957 


Margolis 1963 
Dunagan 1957 


Hilliard 1960 


Parasite Host Reference 


ADULT NEMATODA 


Ascarophis pacificus Sebastes alutus Mamaev 1965 
Zhukov 1960 

Ascarophis sp. Oncorhynchus gorbuscha Margolis 1957 
Capillaria sp. Oncorhynchus nerka Margolis 1963 
Cucullanus heterochrous Sebastes alutus Mamaev 1965 


Rudolphi 1802 


Cucullanus sp. Oncorhynchus tshawytscha Riis 1974 
Salmo gairdneri Riis 1974 
Sebastes aleutianus Sekerak 1975 
S$. alutus Sekerak 1975 
Thymallus arcticus Sekerak 1975 
Cystidicola farionis Oncorhynchus gorbuscha Margolis 1967 
Fischer 1798 0. nerka Margolis 1967 
Salvelinus alpinus Pennell et al. 1973 
S. malma Ko and Anderson 1969 
S. namaycush Dunagan 1957 
Hysterothylacium aduncum Merluccius productus Kovalenko 1970 
(Rudolphi 1802) Sebastes aleutianus Kovalenko 1970 
S. alutus Sekerak 1975 
SH ecillivatus Sekerak 1975 
S. polyspinis Sekerak 1975 
S. zacentrus Sekerak 1975 
Hysterothylacium melanogrammi Merluccius productus Kovalenko 1970 


(Smedley 1934) Seardorff and 
Overstreet 1981 


Philonema oncorhynchi Oncorhynchus gorbuscha Margolis 1957 
Kuitunen-Ekbaum 1933 0. nerka Margolis 1963, 
Dunagan 1957 
Rhabdochona sp. Oncorhynchus nerka Pennell] et al. 1973 
Salvelinema salmonicola Oncorhynchus nerka Margolis 1967 


(Ishii 1916) Margolis 1966 


Truttaedacnitis alpinus Salvelinus alpinus Mudry and McCart 1974 
(Mudry and McCart 1974) . 
Pybus, Anderson, and 
Uhazy 1978 


Parasite 


Anisakis simplex 
(Rudolphi 1809) 
Dujardin 1845 


Anisakis sp. 


Contracaecum rudolphii 
Hartwich 1964 


Contracaecum sp. 


Hysterothylacium aduncum 
(Rudolphi 1802) 


Philonema oncorhynchi 
Kuitunen-Ekbaum 1933 


Philonema sp. 


Host 


LARVAL NEMATODA 


Clupea harengus pallasi 


Dallia pectoralis 
Gadus macrocephalus 
Merluccius productus 


Oncorhynchus gorbuscha 
keta 


kisutch 

nerka 

. tshawytscha 
Theragra chalcogramma 


Thymallus arcticus 


LOlOloOlo 


Salmo gairdneri 


Anoplopoma fimbria 
Atheresthes stomias 
Boreogadus saida 


Clupea harengus pallasi 
Gasterosteus aculeatus 


Merluccius productus 


Oncorhynchus gorbuscha 
Q. nerka 

Sebastes aleutianus 
S. alutus 


S. ciliatus 


S. polyspinis 
S. zacentrus 


Stenobrachius leucopsarus 


Boreogadus saida 
Clupea harengus pallasi 


Oncorhynchus kisutch 
Salmo gairdneri 


Salmo gairdneri 


Reference 


Arthur and Arai 1980 


Dunagan 1957 

Stiles and Hassall 1899 
Kovalenko 1970 

Margolis 1957 

Riis 1974 

Riis 1974 

Pennell et al. 1973 

Riis 1974 

Stiles and Hassall 1899, 
Scheffer and Slipp 1944 

Dunagan 1957 


Riis 1974 


Kovalenko 1970 
Kovalenko 1969 
Dunagan 1957 
Arthur and Arai 1980 
Dunagan 1957 
Kovalenko 1970 
Margolis 1957 
Margolis 1963 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Collard 1968 


Dunagan 1957 
Arthur and Arai 1980 


Riis 1974 
Riis 1974 


Needham and Behnke 1965 


Parasite 


Larval Nematoda (continued) 


Phocanema decipiens 
(Krabbe 1878) Myers 1959 


Phocanema sp. 


Raphidascaris sp. 


Acanthocephalus lucii 
(Muller 1776) Luhe 1911 


Bolbosoma caenoforme 
(Heitz 1920) Meyer 1933 


Bolbosoma sp. 


Corynosoma hadweni 
Van Cleave 1953 


Corynosoma reductum 
Von Lindstow 1905 


Corynosoma semerme 
(Forssell 1904) 


Corynosoma similis 
Neiland 1962 


Corynosoma strumosum 
(Rudolphi 1802) Luhe 1904 


Host 


Gadus macrocephalus 
Hemilepidotus hemilepidotus 
Hexagrammos lagocephalus 


Oncorhynchus nerka 


Anaplopoma fimbria 
Atheresthes stomias 
Oncorhynchus nerka 


0. tshawytscha 
Osmerus mordax 


Dallia pectoralis 

Esox lucius 

Oncorhynchus tshawytscha 
Salvelinus namaycush 


ACANTHOCEPHALA 


Gasterosteus aculeatus 


Oncorhynchus nerka 


Sebastes alutus 


Oncorhynchus gorbuscha 


Oncorhynchus nerka 
Osmerus mordax 


Sebastes alutus 


Oncorhynchus nerka 
Osmerus mordax 


Osmerus mordax 


Atheresthes stomias 


Clupea harengus pallasi 


Oncorhynchus gorbuscha 
QO. nerka 


Osmerus mordax 


Reference 


Scheffer and Slipp 1944 
Schiller 1954 

Rausch 1953, 

Schiller 1954 

Margolis 1963 


Kovalenko 1970 
Kovalenko 1969 
Margolis 1957 
Riis 1974 

Hilliard 1960 


Dunagan 1957 
Dunagan 1957 
Riis 1974 
Riis 1974 
Neiland 1962a 


Dunagan 1957 


Pennell et al. 1973, 
Margolis 1963 
Mamaev 1965 


Margolis 1957 


Margolis 1958b 
Golvan 1959 


Mamaev 1965 


Margolis 1958b 
Neiland 1962b 


Neiland 1962b 


Kovalenko 1969 
Arthur and Arai 1980 
Margolis 1957, 1958b 
Margolis 1958b 
Neiland 1962b 


Parasite 


Acanthocephala (continued) 


Corynosoma villosum 
(Van Cleave 1953) 


Corynosoma sp. 


Echinorhynchus gadi 
(Muller 1776) 


Echinorhynchus sp. 


Metechinorhynchus salmonis 
(Muller 1784) 


Petrochenko 1956 


Neoechinorhynchus rutili 
(Muller 1780) Hamann 1892 


Neoechinorhynchus tenellus 
(Van Cleave 1913) 


Van Cleave 1919 


Neoechinorhynchus tumidus 
Van Cleave and Bangham 1949 


Host 


Clupea harengus pallasi 


Oncorhynchus gorbuscha 
QO. nerka 


Anoplopoma fimbria 
Boreogadus saida 
Hexagrammos lagocephalus 


Hemilepidotus hemilepidotus 


Oncorhynchus gorbuscha 
Sebastes aleutianus 


S. alutus 


S. ciliatus 


S. zacentrus 


Boreogadus saida 


Oncorhynchus gorbuscha 
0. nerka 


Sebastes aleutianus 
S. alutus 


S. zacentrus 


Atheresthes stomias 


Boreogadus saida 
Salvelinus alpinus 


Coregonus sardinella 


Dallia pectoralis 
Gasterosteus aculeatus 


Lota lota 
Oncorhynchus kisutch 
O. nerka 

Salmo gairdneri 


Salvelinus alpinus 
S. malma 


Esox lucius 


Coregonus laurettae 

C. nasus 

Coregonus sp. 
Oncorhynchus kisutch 
Prosopium cylindraceum 
Salmo gairdneri 


Reference 


Arthur and Arai 1980 
Margolis 1957, 1958b 
Margolis 1963 


Kovalenko 1970 
Dunagan 1957 
Schiller 1954 
Schiller 1954 
Margolis 1957 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Dunagan 1957 
Margolis 1957 
Margolis 1963 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Kovalenko 1969 


Dunagan 1957 
Mudry and McCart 1976 


Schmidt 1965 

Dunagan 1957 

Van Cleave and Lynch 1950 
Schmidt 1965 

Riis 1974 

Margolis 1963 

Riis 1974 

Van Cleave and Lynch 1950 
Van Cleave and Lynch 1950 


Dunagan 1957 


Schmidt 1965 
Schmidt 1965 
Schmidt 1965 
Riis 1974 

Schmidt 1965 
Schmidt 1965 


Parasite 


Acanthocephala (continued) 


Neoechinorhynchus sp. 


Paracanthocephalus rauschi 
Schmidt 1969 


Rhadinorhynchus cololabris 
Laurs and McCauley 1964 


Rhadinorhynchus trachuri 
Harada 1935 


Levinsenia rectangulata 
(Levinson 1882) 


Aega symmetrica 
Richardson 


Livoneca californica 


Schioedte and Meinertz 1884 


Rocinela angustata 
Richardson 


Rocinela belliceps 
(Stimpson 1864) 


Richardson 1899 


Acanthochondria cornuta 
(Muller 1776) Oakley 1930 


Acanthochondria sp. 


Bomolochus cuneatus 
Fraser 1920 


Host 


Oncorhynchus gorbuscha 
Thymallus arcticus 


Salmo gairdneri 


Oncorhynchus nerka 


HIRUDINEA 


Gadus macrocephalus 
Microgadus proximus 
Myoxocephalus 
polyacanthocephalus 
Theragra chalcogramma 


ISOPODA 


Unnamed fish 


Smelt 


Hippoglossus stenolepis 


Gadus macrocephalus 


Hippoglossus stenolepis 


COPEPODA 


Hippoglossus stenolepis 


Merluccius productus 


Clupea harengus pallasi 


Oncorhynchus gorbuscha 


Reference 


Margolis 1957 


Schmidt 1969 


Hughes 1973 


Margolis 1957 


Moore and Meyer 1951 
Moore and Meyer 1951 


Moore and Meyer 1951 


Akhmerov 1951 


Hatch 1947 


Hatch 1947 


Hatch 1947 


Hatch 1947 
Hatch 1947 


Wilson 1935 


Kovalenko 1970 


Arthur and Arai 1980 
Vervoort 1964 


Parasite Host Reference 


Copepoda (continued) 


Sekerak 1975 
Sekerak 1975 
Sekerak 1975 
Sekerak 1975 


Brachiella robusta Sebastes aleutianus 
(Wilson 1912) Kabata 1970 S. alutus 
S. ciliatus 
S$. zacentrus 


Arthur and Arai 1980 


Caligus clemensi Clupea harengus pallasi 


Parker and Margolis 1964 
Chondracanthus lotellae Wilson 1935 


Myoxocephalus 
(Wilson 1936) Yamaguti 1963 


polyacanthocephalus 


Chondracanthus pinguis 


Sebastes aleutianus 


Sekerak 1975 


Wilson 1912 S. alutus Sekerak 1975 
Sy Cllvatus Sekerak 1975 
S. polyspinis Sekerak 1975 
S$. zacentrus Sekerak 1975 


Chondracanthus triventricosus 


Sekerak 1970 


Clavella adunca 


(Strém 1762) Dollfus 1953 


Sebastes alutus 
Semqiilaatus 


Sekerak 1975 
Sekerak 1975 


S. polyspinis Sekerak 1975 
S$. zacentrus Sekerak 1975 


Gadus macrocephalus 
Theragra chalcogramma 


Wilson 1908 


Akhmerov 1951 


Clavella canaliculata Microgadus proximus Wilson 1915, 1920 
Wilson 1915 : 
Clavella irina Gadus macrocephalus Wilson 1915, 1920 
Wilson 1915 
Clavella parva Sebastes aleutianus Sekerak 1975 
Wilson 1912 S. alutus Sekerak 1975 

S. melanops Sekerak 1975 
Clavella perfida Theragra chalcogramma Wilson 1915 
Wilson 1915 
Clavella recta Sebastes melanops Wilson 1915, 1920 


Wilson 1915 


Colobomatus kyphosus 


Sebastes aleutianus 


Sekerak 1975 


Sekerak 1970 S. alutus Sekerak 1975 
S. ciliatus Sekerak 1975 
S. polyspinis Sekerak 1975 
S. zacentrus Sekerak 1975 


16 


Parasite 


Copepoda (continued) 


Diocus frigidus 
(Hansen 1923) 


Echthrogaleus coleoptratus 
(Guerin 1837) Steenstrup 


and Lutken 1861 


Ergasilus auritus 
Markevich 1940 


Ergasilus turgidus 
Fraser 1920 


Haemobaphes theragrae 
Yamaguti 1939 


Haemobaphes sp. 


Host 


Lycodes turneri 


"Shark" 


Gasterosteus aculeatus 
Oncorhynchus nerka 


Gasterosteus aculeatus 
Oncorhynchus nerka 


Sebastes alutus 
S$. zacentrus 


Merluccius productus 


Lepeophtheirus appendiculatus Hippoglossus stenolepis 


Krgyer 1863 


Lepeophtheirus cuneifer 
Kabata 1974 


Lepeophtheirus marcepes 
Wilson 1944 


Lepeophtheirus parviventris 


Wilson 1905 


Lepeophtheirus salmonis 
(Krdyer 1837) Verrill 1873 


Naobranchia occidentalis 
Wilson 1915 


Gadus macrocephalus 
Hexagrammos lagocephalus 
Hippoglossus stenolepis 
Isopsetta isolepis 
Leptocottus armatus 
Lumpenus sagitta 


Microgadus proximus 
Raja binoculata 


Squalus acanthias 
Theragra chalcogramma 


Pleuronectes 
quadrituberculatus 


Gadus macrocephalus 
Hippoglossus stenolepis 
Lepidopsetta bilineata 
Platichthys stellatus 


Pleurogrammus monopterygius 


Oncorhynchus gorbuscha 
0. nerka 


0. tshawytscha 
Salvelinus malma 


Gadus macrocephalus 


Reference 


Walters 1953 


Wilson 1907, 1908, 
1920 


Roberts 1963 
Roberts 1963 


Cope 1959 
Cope 1959 


Sekerak 1975 
Sekerak 1975 


Kovalenko 1970 


Wilson 1935 


Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 
Kabata 1974 


Wilson 1944 


Wilson 1905 
Wilson 1905 
Wilson 1905 
Townsend 1938 
Wilson 1908 


Wilson 1905 
Wilson 1908 
Wilson 1908 
Wilson 1908 


Wilson 1915 


Parasite 


Copepoda (continued) 
Parabrachiella sp. 


Salmincola californiensis 
(Dana 1852) Wilson 1915 


Salmincola carpionis 
(Krégyer 1837) Wilson 1915 


Salmincola edwardsi 
(Olsson 1869) Wilson 1915 


Salmincola extensus 
(Kessler 1868) Kabata 1969 


Salmincola extumescens 
(Gadd 1901) Wilson 1915 


Salmincola thymal1i 
(Kessler 1868) Wilson 1915 


Sarcotaces arcticus 
Collett 1874 


Thersitina gasterostei 
(Pagenstecher 1861) 


Norman 1905 


Anodonta beringiana 
(Middendorf ) 


Anodonta oregonensis 
(Lea 1837) 


Host 


Merluccius productus 


Oncorhynchus gorbuscha 
QO. kisutch 


QO. nerka 


Salmo gairdneri 
Salvelinus alpinus 


S$. malma 


Salmo gairdneri 
Salvelinus alpinus 


Thymallus arcticus 


Coregonus sp. 
Coregonus clupeaformis 


Prosopium cylindraceum 
Thymallus arcticus 


Sebastes aleutianus 
S. alutus 


S. flavidus 


Gasterosteus aculeatus 


MOLLUSCA 


Gasterosteus aculeatus 
Oncorhynchus nerka 


Gasterosteus aculeatus 
Oncorhynchus kisutch 


Reference 


Kovalenko 1970 


Wilson 1908 

Riis 1974 

Wilson 1908, 

Margolis 1963 

Riis 1974 

Mudry and McCart 1976 
Wilson 1908 


Dunagan 1957 
Dunagan 1957 
Dunagan 1957 


Wilson 1908 

Wilson 1908 

Riis 1974 

Riis 1974 

Sekerak 1975 

Sekerak 1975 

Avdeev and Avdeev 1975 


Valdez 1974 


Cope 1959 
Cope 1959 


Moles 1980 
Moles 1980 


HOST-PARASITE LIST 
HEXANCHIDAE, cow sharks 


Hexanchus griseus (Bonnaterre), sixgill shark 


Cestoda 
Nybelinia surmenicola* 


Tetrahynchus sp.* 
LAMNIDAE, mackerel sharks 
Lamna ditropis Hubbs and Follett, salmon shark 


Cestoda 
Nybelinia surmenicola 


SQUALIDAE, dogfish sharks 
Somniosus pacificus Bigelow and Schroeder, Pacific sleeper shark 
Monogenea 
Squalonchotyle somniosi 
Cestoda 
Monorygma perfectum 


Squalus acanthias Linnaeus, spiny dogfish 


Copepoda 
Lepeophtheirus cuneifer 


RAJIDAE, skates 


Raja binoculata Girard, big skate 


Copepoda 
Lepeophtheirus cuneifer 
Raja sp. 
Monogenea 
Acanthocotyle williamsi 
Cestoda 


Pedibothrium pinguicol]um 
CLUPEIDAE, herring 


Clupea harengus pallasi Valenciennes, Pacific herring 


Protozoa 
Eimeria clupearum 
Eimeria nishin 
Myxospora 
Ortholinea orientalis 


Clupeidae, Clupea harengus pallasi (continued) 


Trematoda 


Brachyphallus crenatus 
Lecithaster gibbosus 
Prosorhynchoides basargini* 
Pronoprymna petrowi 


Rhipidocotyle sp., 
Cestoda 


Nybelinia surmenicola* 

Scolex pleuronectis, 
Nematoda 

Anisakis simplex* 

Contracaecum sp., 

Hysterothylacium aduncum* 
Acanthocephala 

Corynosoma strumosum 

Corynosoma villosum 
Copepoda 

Bomolochus cuneatus 

Caligus clemensi 


SALMONIDAE, trouts 


Coregonus clupeaformis (Mitchill), lake whitefish 


Copepoda 
Salmincola extumescens 


Coregonus laurettae Bean, Bering cisco 


Acanthocephala 
Neoechinorhynchus tumidus 


Coregonus nasus (Pallas), broad whitefish 


Acanthocephala 
Neoechinorhynchus tumidus 


Coregonus sardinella Valenciennes, least cisco 


Acanthocephala 
Neoechinorhynchus rutili 


Coregonus sp. 


Cestoda 

Bothrimonus sturionis 
Acanthocephala 

Neoechinorhynchus tumidus 
Copepoda 

Salmincola extensus 


Salmonidae (continued) 


Oncorhynchus gorbuscha (Walbaum), pink salmon 


Myxozoa 


Henneguya salminicola 
Trematoda 
Brachyphallus crenatus 


Derogenes varicus 
Hemiurus levinseni 


Lecithaster gibbosus 
Lecithophyllum botryophorum 
Parahemiurus merus 
Prosorhynchoides basargini 
Pronoprymna petrowi 


Tetracotyle sp. 
Tubulovesicula lindbergi 


Cestoda 
Bothrimonus sturionis 
Diplocotyle olrikii 
Eubothrium salvelini 
Phyllobothrium caudatum* 


Phyllobothrium sp. * 
Nematoda 


Anisakis sp.* 
Ascarophis sp. 
Contracaecum sp.* 
Cystidicola farionis 


Philonema oncorhynchi 
Acanthocephala 


Bolbosoma sp. 


Corynosoma sp. 

Corynosoma strumosum 

Corynosoma villosum 

Echinorhynchus gadi 

Neoechinorhynchus sp. 
Copepoda 

Bomolochus cuneatus 


Lepeophtheirus salmonis 
Salmincola californiensis 


Oncorhynchus keta (Walbaum), chum salmon 


Myxozoa 


Henneguya salminicola 
Cestoda 

Phyllobothrium caudatum* 

Phyllobothrium sp. 


Triaenophorus crassus* 
Nematoda 


Anisakis sp.* 
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Salmonidae (continued) 


Oncorhynchus kisutch (Walbaum), coho salmon 


Myxozoa 
Henneguya salminicola 
Monogenea 
Tetraonchus alaskensis 
Cestoda 
Cyathocephalus truncatus 
Eubothrium sp. 
Phyllobothrium sp.* 


Proteocephalus sp. 
Nematoda 


Anisakis sp.* 

Philonema oncorhynchi* 
Acanthocephala 

Neoechinorhynchus rutili 


Neoechinorhynchus tumidus 
Copepoda 

“Salmincola californiensis 
Mollusca 


Anodonta oregonensis 


Oncorhynchus nerka (Walbaum), sockeye salmon 


Myxozoa 


Chloromyxum wardi 

C. coregoni 

Henneguya salminicola 

Myxobolus krokhini 
Monogenea 

Gyrodactyloides strelkowi 

Tetraonchus alaskensis 
Trematoda 


Brachyphallus crenatus 
Crepidostomum farionis 
Crepidostomum sp. 
Derogenes varicus 


Diplostomulum sp. * 
Hemiurus levinseni 


Lecithaster gibbosus 
Lecithophyllum botryophorum 
Prosorhynchoides basargini 
Pronoprymna petrowi 


Tetracotyle sp.* 
Tubulovesicula lindbergi 
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Salmonidae, Oncorhynchus nerka (continued) 


Cestoda 
Bothrimonus sturionis 


Diphyllobothrium sp. * 
Diphyllobothrium ursi* 


Diplocotyle olrikii 
Eubothrium salvelini 


Eubothrium sp. 
Nybelinia surmenicola* 


Phyllobothrium caudatum* 
Phyl lobothrium sp. * 
Proteocephalus sp. 
Proteocephalus sp.* 


Triaenophorus crassus* 
Nematoda 


Anisakis sp.* 
Capillaria sp. 
Contracaecum sp.* 
Cystidicola farionis 


Philonema oncorhynchi 


Phocanema decipiens 
Phocanema sp. * 


Rhabdochona sp. 

Salvelinema salmonicola 
Acanthocephala 

Bolbosoma caenoforme 


Corynosoma hadweni 
Corynosoma semerme 
Corynosoma strumosum 
Corynosoma villosum 
Echinorhynchus gadi 
Neoechinorhynchus rutili 
Rhadinorhynchus trachuri 
Copepoda 
Ergasilus auritus 
Ergasilus turgidus 


Lepeophtheirus salmonis 
Salmincola californiensis 
Mollusca 


Anodonta beringiana 


Oncorhynchus tshawytscha (Walbaum), chinook salmon 


Myxozoa 

Henneguya salminicola 
Trematoda 

Brachyphallus crenatus 
Cestoda 


Eubothrium sp. 
Phyllobothrium sp. * 


Salmonidae, Oncorhynchus tschawytscha (continued) 


Nematoda 
Anisakis sp.* 
Cucullanus sp.* 
Phocanema sp. * 
Raphidascaris sp.* 
Copepoda 
Lepeophtheirus salmonis 


Oncorhynchus sp. 


Trematoda 
Nanophyetus salmincola* 


Prosopium cylindracaeum (Pallas), round whitefish 


Monogenea 

Tetraonchus variabilis 
Cestoda 

Proteocephalus filicollis 

Proteocephalus sp. 
Acanthocephala 

Neoechinorhynchus tumidus 
Copepoda 

Salmincola thymalli 


Salmo clarki Richardson, cutthroat trout 


Monogenea 
Tetraonchus alaskensis 


Salmo gairdneri Richardson, rainbow trout 


Trematoda 


Crepidostomum farionis 

Crepidostomum sp. 
Cestoda 

Diphyllobothrium dendriticum* 

Diphyllobothrium sp. * 

Eubothrium crassum 

Eubothrium sp. 

Ligula intestinalis* 

Proteocephalus sp. 
Nematoda 

Contracaecum rudolphii* 

Cucullanus sp. 

Philonema oncorhynchi* 

Philonema sp. * 
Acanthocephala 

Neoechinorhynchus rutili 


Neoechinorhynchus tumidus 
Rhadinorhynchus cololabris 


Salmonidae, Salmo gairdneri (continued) 


Copepoda 
Salmincola californiensis 
Salmincola edwardsi 


Salvelinus alpinus (Linnaeus), Arctic char 


Trematoda 


Bunodera luciopercae 
Crepidostomum farionis 


Phyllodistomum sp. 
Cestoda 


Bothrimonus sturionis 


Cyathocephalus truncatus 
Eubothrium crassum 


Proteocephalus sp. 
Nematoda 


Cystidicola farionis 

Truttaedacnitis alpinis 
Acanthocephala 

Metechinorhynchus salmonis 

Neoechinorhynchus rutili 
Copepoda 


Salmincola carpionis 
Salmincola edwardsi 


Salvelinus malma (Walbaum), Dolly Varden 


Monogenea 

Tetraonchus alaskensis 
Trematoda 

Crepidostomum sp. 
Cestoda 

Bothrimonus sturionis 

Eubothrium sp. 


Proteocephalus sp. 
Nematoda 


Cystidicola farionis 
Acanthocephala 


Neoechinorhynchus rutili 
Copepoda 


Lepeophtheirus salmonis 
Salmincola carpionis 


Salvelinus namaycush (Walbaum), lake trout 


Trematoda 


Crepidostomum farionis 
Cestoda 

Cyathocephalus truncatus 

Triaenophorus crassus 
Nematoda 

Cystidicola farionis 

Raphidascaris Spee 
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Salmonidae (continued) 


Thymallus arcticus (Pallas), Arctic grayling 


Monogenea 

Tetraonchus rauschi 
Trematoda 

Crepidostomum isostomum 

Phyllodistomum sp. 
Cestoda 

Proteocephalus sp. 


Triaenophorus crassus* 
Nematoda 


Anisakis sp.* 

Cucullanus sp. 
Acanthocephala 

Paracanthocephalus rauschi 
Copepoda 

Salmincola edwardsi 

S. thymalli 


OSMERIDAE, smelts 
Osmerus mordax (Mitchill), rainbow smelt 


Trematoda 


Brachyphallus crenatus 
Prosorhynchoides sp. 
Cestoda 
Diphyllobothrium osmeri* 
Nematoda 
Phocanema sp. * 
Acanthocephala 
Corynosoma hadweni 
C. semerme 
C. similis 
C. strumosum 


UMBRIDAE, mudminnows 


Dallia pectoralis Bean, Alaska blackfish 


Trematoda 


Phyllodistomum lysteri 
Cestoda 


Diphyllobothrium dalliae* 
Diphy] lobothrium sp.* 
Proteocephalus sp. 


Triaenophorus sp.* 
Nematoda 


Anisakis sp.* 
Raphidascaris sp.* 
Acanthocephala 


Neoechinorhynchus rutili 


ESOCIDAE, pikes 
Esox lucius Linnaeus, northern pike 


Trematoda 


Crepidostomum farionis 
Cestoda 


Cyathocephalus truncatus 
Triaenophorus crassus 


Nematoda 


Raphidascaris sp.* 


Acanthocephala 


Neoechinorhynchus tenel lus 
MYCTOPHIDAE, lanternfishes 


Stenobrachius leucopsarus (Eigenmann and Eigenmann), northern lampfish 


Nematoda 
Contracaecum sp.* 


CATOSTOMIDAE, suckers 
Catostomus commersoni (Lacepede), white sucker 


Cestoda 
Glaridacris catostomi 


BATRACHOIDIDAE, toadfishes 
Porichthys notatus Girard, plain midshipman 


Trematoda 
Opechona alaskensis 


GADIDAE, codfish 
Boreogadus saida (Lepechin), Arctic cod 


Trematoda 
Hemiurus levinseni 
Nematoda 
Contracaecum sp.* 
Hysterothylacium aduncum* 
Acanthocephala 
Corynosoma sp. 
Echinorhynchus gadi 
Metechinorhynchus salmonis 


Gadidae (continued) 


Eleginus gracilis (Tilesius), saffron cod 


Cestoda 
Diphyllobothrium phocarum* 


Gadus macrocephalus Tilesius, Pacific cod 
Nematoda 


Anisakis sp.* 
Phocanema decipiens* 


Hirudinea 

Levinsenia rectangulata 
Isopoda 

Rocinela belliceps 
Copepoda 

Clavella adunca 

Ceaimiina 


Lepeophtheirus cuneifer 


Lepeophtheirus parviventris 
Naobranchia occidentalis 


Lota lota (Linnaeus), burbot 


Acanthocephala 
Neoechinorhynchus rutili 


Merluccius productus (Ayres), Pacific hake 


Trematoda 


Aponurus argentini 


Aporocotyle margolisi 
Derogenes macrostoma 


O. varicus 

Fellodistomum furcigerum 

Lecithochirium sp. 
Cestoda 


Bothriocephalus ospariichthydis 
Bothriocephalus sp. 


Diphyllobothrium sp. * 
Nybelinia surmenicola* 
Nybe linia aa 


Scolex sp. 
Nematoda 

Anisakis sp.* 

Contracaecum sp.* 


Hysterothylacium aduncum 
H. melanogrammi 

Copepoda 
Acanthochondria sp. 


Haemobaphes sp. 
Parabrachiella sp. 


Gadidae (continued) 


Microgadus proximus (Girard), Pacific tomcod 


Copepoda 
Lepeophtheirus cuneifer 
Clavella canaliculata 
Hirudinea 


Levinsenia rectangulata 
Theragra chalcogramma (Pallas), walleye pollock 


Cestoda 
Nybelinia sp.* 

Nematoda 
Anisakis sp.* 

Copepoda 
Clavella adunca 
Clavella perfida 
Lepeophtheirus cuneifer 


ZOARCIDAE, eelpouts 


Lycodes palearis Gilbert, wattled eelpout 


Trematoda 
Derogenes varicus 


Lycodes turneri Bean, polar eelpout 


Copepoda 
Diocus frigidus 


MACROURIDAE, grenadiers 


Coryphaenoides cinereus 


Myxozoa 


Ceratomyxa asymmetrica 
Myxoproteus abyssus 


Coryphaenoides longifilis 
Myxozoa 
Myxoproteus abyssus 
Zschokkella meglitschi 


Coryphaenoides pectoralis (Gilbert), giant rattail 


Monogenea 
Cyclocotyloides pinguis 
Trematoda 


Gonocerca oshoro 


GASTEROSTEIDAE, sticklebacks 
Gasterosteus aculeatus Linnaeus, threespine stickleback 


Trematoda 

Bunodera sp. 

Peracreadium gasterostei 
Cestoda 

Schistocephalus solidus* 
Nematoda 

Contracaecum sp.* 
Acanthocephala 


Acanthocephalus lucii 

Neoechinorhynchus rutili 
Copepoda 

Ergasilus auritus 

Ergasilus turgidus 

Thersitina gasterostei 
Mollusca 

Anodonta beringiana 

Anodonta oregonensis 


Pungitius pungitius (Linnaeus), ninespine stickleback 


Cestoda 


Diphyllobothrium sp. * 
Schistocephalus solidus* 


BRAMIDAE, pomfrets 
Brama japonica Hilgendorf, Pacific pomfret 


Trematoda 
Lampritrema miescheri 


BATHYMASTERIDAE, ronquils 
Ronquilus jordani (Gilbert), northern ronquil 


Trematoda 
Derogenes varicus 


STICHAEIDAE, pricklebacks 
Lumpenus sagitta Wilimovsky, snake prickleback 


Copepoda 
Lepeophtheirus cuneifer 
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SCORPAENIDAE, scorpionfish 


Sebastes aleutianus (Jordan and Evermann), rougheye rockfish 


Monogenea 
Benedenia derzhavini 
Trochopus sp. 

Trematoda 
Derogenes varicus 
Neolepidapedon sebastisci 
Podocotyle sp. 
Prosorhynchus crucibulum 
Stephanostomum dentatum 

Cestoda 


Nybelinia surmenicola* 
Nybe linia suimenmmegr 


Phyllobothrium sp. 


Nematoda 
Contracaecum sp.~* 
Cucullanus sp. 


Hysterothylacium aduncum 
Acanthocephala 

Corynosoma sp.* 

Echinorhynchus gadi 
Copepoda 

Brachiella robusta 

Chondracanthus pinguis 

Clavella parva 

Colobomatus kyphosus 

Sarcotaces arcticus 


Sebastes alutus (Gilbert), Pacific ocean perch 


Monogenea 
Benedenia derzhavini 


Microcotyle sebastis 
Trochopus sp. 

Trematoda 
Derogenes varicus 
Fellodistomum sebastodis 
Lecithaster gibbosus 


Lecithophyllum botryophorum 
L. spaerolecithum 
Neohelicometra sebastis 
Opechona alaskensis 
Podocotyle atomon 
Podocotyle sp. 
Prosorhynchus crucibulum 


Psettarium sebastodorum 
Cestoda 


Bothriocephalus scorpii 
Bothriocephalus scorpii* 
Nybelinia surmenicola~* 
Phyllobothrium sp. * 
Scolex pleuronectis* 


Scorpaenidae (continued). 


Nematoda 
Ascarophis pacificus 
Contracaecum sp. 
Cucullanus heterochrous 
Cucullanus sp. 


Hysterothylacium aduncum 


Acanthocephala 
Bolbosoma caenoforme 


Corynosoma reductum 
Corynosoma sp. 
Corynosoma sp. * 
Echinorhynchus gadi 
Copepoda 
Brachiella robusta 
Chondracanthus pinguis 
Chondracanthus triventricosus 
Clavella parva 
Colobomatus kyphosus 
Haemobaphes theragrae 


Sarcotaces arcticus 
Sebastes ciliatus (Tilesius), dusky rockfish 


Monogenea 


Trochopus sp. 
Trematoda 


Derogenes varicus 
Fellodistomum sebastodis 
Lecithophyllum botryophorum 
Opechona alaskensis 
Opechona occidentalis 
Podocotyle sp. 
Prosorhynchus crucibulum 
Cestoda 


Nybelinia surmenicola* 
Nybe linia ee 


Phyllobothrium sp. 


Nematoda 
Contracaecum sp. * 


Hysterothylacium aduncum 
Acanthocephala 


Corynosoma sp. * 

Copepoda 
Brachiella robusta 
Chondracanthus pinguis 
Chondracanthus triventricosus 
Colobomatus kyphosus 


Sebastes flavidus (Ayres), yellowtail rockfish 


Copepoda 
Sarcotaces arcticus 


Scorpaenidae (continued) 
Sebastes melanops Girard, black rockfish 


Monogenea 
Trochopus marginata 
Copepoda 
Clavella parva 
GRinecta 


Sebastes polyspinis Taranetz and Moiseev, northern rockfish 


Trematoda 
Fellodistomum sebastodis 
Opechona alaskensis 
Podocotyle sp. 
Psettarium sebastodorum 
Cestoda 
Nybelinia surmenicola* 


Phyllobothrium sp. * 
Nematoda 


Contracaecum sp.* 


Hysterothylacium aduncum 
Copepoda 


Chondracanthus pinguis 
Chondracanthus triventricosus 
Colobomatus kyphosus 


Sebastes reflexa 


Trematoda 
Podocotyle reflexa 


Sebastes ruberrimus (Cramer), yelloweye rockfish 


Monogenea 
Trochopus marginata 


Sebastes zacentrus (Gilbert), sharpchin rockfish 


Monogenea 
Benedenia derzhavini 
Microcotyle sebastis 
Trochopus sp. 

Trematoda 
Derogenes varicus 
Neolepidapedon sebastisci 
Opechona alaskensis 
Podocotyle sp. 


Prosorhynchus crucibulum 
Psettarium sebastodorum 
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Scorpaenidae, Sebastes zacentrus (continued) 


Cestoda 
Bothriocephalus scorpii* 
Nybelinia surmenicola 


Phyl lobothrium Spi 
Nematoda 


Contracaecum sp. * 
Hysterothylacium aduncum 
Acanthocephala 
Corynosoma sp. ~* 
Echinorhynchus gadi 
Copepoda 
Brachiella robusta 
Chondracanthus pinguis 
Chondracanthus triventricosus 
Colobomatus kyphosus 


Haemobaphes theragrae 
ANOPLOPOMATIDAE, sablefish 


Anoplopoma fimbria (Pallas), sablefish 


Trematoda 
Stephanostomum californicum 
Cestoda 
Nybelinia surmenicola* 
Scolex sp.* 
Nematoda 


Contracaecum sp.* 

Phocanema sp. * 
Acanthocephala 

Corynosoma sp.* 


HEXAGRAMMIDAE, greenling 


Hexagrammos lagocephalus (Pallas), rock greenling 


Trematoda 
Urinatrema aspinosum 
Nematoda 


Phocanema decipiens* 
Acanthocephala 


Corynosoma sp. 
Copepoda 


Lepeophtheirus cuneifer 


Pleurogrammus monopterygius (Pallas), Atka mackerel 


Copepoda 
Lepeoptheirus parviventris 


COTTIDAE, sculpins 
Cottus aleuticus Gilbert, coastrange sculpin 


Protozoa 
Cryptobia sp. 


Hemilepidotus hemilepidotus (Tilesius), red Irish lord 


Trematoda 


Derogenes varicus 
Prosorhynchus sp. * 


Nematoda 
Phocanema decipiens* 
Acanthocephala 


Corynosoma sp. 
Leptocottus armatus Girard, Pacific staghorn sculpin 


Copepoda 
Lepeophtheirus cuneifer 


Myoxocephalus polyacanthocephalus (Pallas), great sculpin 


Copepoda 
Chondracanthus lotellae 
Hirudinea 


Levinsenia rectangulata 
CYCLOPTERIDAE, snailfish 


Aptocyclus ventricosus (Pallas), smooth lumpsucker 


Trematoda 
Prosorhynchus mizelli 


PLEURONECTIDAE, righteye flounders 
Atheresthes stomias (Jordan and Gilbert), arrowtooth flounder 


Trematoda 


Stephanostomum sp. * 
Cestoda 


Nybelinia surmenicola* 
Acanthocephala 
Corynosoma strumosum 


Echinorhynchus sp. 
Nematoda 


Phocanema sp. * 
Contracaeceum sp. * 


Pleuronectidae (continued) 


Eopsetta jordani (Lockington), petrale sole 


Myxozoa 
Kudoa sp. 


Hippoglossus stenolepis Schmidt, Pacific halibut 


Myxozoa 

Kudoa sp. 
Monogenea 

Entobdella hippoglossi 
Trematoda 


Derogenes varicus 


Pseudopecoelus nossamani 
Isopoda 


Rocinela angustata 


Rocinela belliceps 
Copepoda 


Acanthochondria cornuta 
Lepeophtheirus appendiculatus 
Lepeophtheirus cuneifer 
Lepeophtheirus parviventris 
Isopsetta isolepis (Lockington), butter sole 


Copepoda 
Lepeophtheirus cuneifer 
Lepidopsetta bilineata (Ayres), rock sole 
Trematoda 
Derogenes varicus 
Copepoda 
Lepeophtheirus parviventris 
Microstomus pacificus (Lockington), Dover sole 


Myxozoa 
Kudoa sp. 


Platichthys stellatus (Pallas), starry flounder 


Copepoda 
Lepeophtheirus parviventris 


Pleuronectes quadrituberculatus Pallas, Alaska plaice 


Copepoda 
Lepeophtheirus marcepes 
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CONTENTS OF MANUSCRIPT 
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paper and the author’s name, and footnote the author’s 
affiliation, mailing address, and ZIP code. 
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notes and literature citations do not belong in the abstract. 
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U.S. Government Printing Office Style Manual, 1973 edi- 
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Names of Fishes from the United States and Canada, fourth 
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of ‘‘Materials and Methods.”’ 
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Institution of Oceanography, La Jolla, CA 92037, pers. com- 
mun. 2] May 1977. 
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ence to the text. All figures should be cited consecutively in 
the text and their placement, where first mentioned, indi- 
cated in the left-hand margin of the manuscript page. Photo- 
graphs and line drawings should be of ‘‘professional’’ quality 
—clear and balanced, and can be reduced to 42 picas for 
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more than 57 picas high. Photographs and line drawings 
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contrast. Label each figure. DO NOT SEND original figures 
to the Scientific Editor; NMFS Scientific Publications Office 
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Tables. Each table should start on a separate page and 
should be self-explanatory, not requiring reference to the 
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only horizontal rules. Number table footnotes consecutively 
across the page from left to right in Arabic numerals; and to 
avoid confusion with powers, place them to the /eft of the 
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hand margin of the manuscript page. 


Acknowledgments. Place at the end of text. Give credit 
only to those who gave exceptional contributions and not to 
those whose contributions are part of their normal duties. 
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cally by the senior author’s surname under the heading 
“Titerature Cited’’; only the author’s surname and initials 
are required in the author line. The author is responsible for 
the accuracy of the literature citations. Abbreviations of 
names of periodicals and serials should conform to Biologi- 
cal Abstracts List of Serials with Title Abbreviations. For- 
mat, see recent SSRF or Circular. 


Abbreviations and symbols. Common ones, such as mm, 
m, g, ml, mg, °C (for Celsius), %, %o, etc., should be used. 
Abbreviate units of measures only when used with numerals; 
periods are rarely used in these abbreviations. But periods 
are used in et al., vs., e.g., i.e., Wash. (WA is used only with 
ZIP code), etc. Abbreviations are acceptable in tables and 
figures where there is lack of space. 


Measurements. Should be given in metric units. Other 
equivalent units may be given in parentheses. 
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white bond paper. Triple space above headings. Send good 
duplicated copies of manuscript rather than carbon copies. 
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Sea Level Variations at Monterey, California 


DALE EMIL BRETSCHNEIDER and DOUGLAS R. McLAIN'! 


ABSTRACT 


Sea level data from Monterey, Calif., during the period 1963 through 1976 were compared with data from 
coastal stations from Peru to Alaska. Sea level fluctuations at Monterey were correlated with data from these 
stations, particularly those to the south. The causes of sea level fluctuations at Monterey were investigated by 
correlation, regression, and spectral analysis of sea level with atmospheric pressure, zonal and meridional 
wind stress, Ekman and Sverdrup transport, surface temperature and salinity, and dynamic height data from 
nearby locations. Of these variables, dynamic height was the best predictor of sea level fluctuations. Atmo- 
spheric pressure, surface temperature, and meridional wind stress were of secondary importance. The predic- 
tion was better during the Davidson Current period than during the upwelling period. 


INTRODUCTION 


Sea level and its fluctuations have interested man for centuries. His- 
torical sea level time-series data are unique among marine data sources 
in that they have been obtained continuously and inexpensively over 
periods of decades or longer at many coastal and island locations 
worldwide. Sea level records include not only periodic fluctuations due 
to astronomic tides but also nontidal, low frequency fluctuations result- 
ing from various oceanic and atmospheric processes. The nontidal 
components can be isolated by filtering out the astronomic tides, thus 
making measurements of sea level useful as a spacially integrated index 
of nearshore and offshore ocean changes. 

This paper examines the character of sea level anomalies at Mon- 
terey, Calif., and the relative importance of the large-scale atmo- 
spheric and ocean processes which may cause nontidal, low 
frequency fluctuations. An understanding of these processes will 
allow the use of the abundant historical records of sea level data to 
reconstruct changes in the past oceanographic environment of the 
California Current system, which, in turn, may aid in understand- 
ing past changes in distribution, abundance, and availability of 
marine fish populations. In particular, the study was designed to 
examine the utility of sea level data for identification of anomalous 
environmental periods and for monitoring of changes in coastal 
oceanographic conditions. 


EARLIER STUDIES ON 
SEA LEVEL VARIATIONS 


Sea level variations along the Pacific coast and their relationship to 
various environmental phenomena have been examined from a number 
of different points of view. In addition to the well-understood astronom- 
ically induced periodicities, it is widely recognized that coastal sea 
level measurements are influenced by: 1) wind waves and swell, 2) 
wind set-up or set-down against the coast due to storms, 3) changes in 
atmospheric pressure over the ocean surface, 4) redistribution of water 
mass due to wind stress, 5) changes in average density of the seawater 
column, 6) long period astronomic tides, 7) subsidence or uplift of the 
land upon which the tide gage is located, and 8) changes in total mass 
of water in the oceans associated with the glacial ice budget. These 
physical processes are discussed by Montgomery (1938). LaFond 
(1939) found close agreement between weekly mean sea level mea- 
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sured at La Jolla, Calif., and offshore geopotential topography, thus 
directly relating ocean currents to sea level. Jacobs (1939) suggested 
that the relationships observed by LaFond were not entirely due to 
changes in the density of surface water but rather to actual slopes 
induced by wind-driven water transport along the coast. Pattullo et al. 
(1955) found that south of lat. 40°N in the North Pacific Ocean, the 
seasonal variation of steric elevation and sea level are in phase, both 
having a maximum elevation in late summer or early fall and a mini- 
mum elevation in winter. This they took as a consequence of seasonal 
heating and cooling. These investigators further found that seasonal 
variations in sea level north of lat. 40°N along the northwest coast of 
the United States could not be explained by steric considerations alone, 
suggesting that nonisostatic processes such as wind and currents can 
lead to appreciable regional deviations. Roden (1960) used autocorrela- 
tion and spectral techniques to examine the relationship between 
monthly mean sea level pressure, wind, and sea surface temperature 
(SST) at several stations along the Pacific coast. He found good coher 
ence between anomalies of sea level and atmospheric pressure, moder 
ate to poor coherence between SST and sea level depending on the 
location of the station, and moderate coherence between anomalies of 
sea level and north-south component of the geostrophic wind. Sturges 
(1974) found high correlations between occasional steric observations 
and 3-d mean sea levels at Neah Bay, Wash., and San Diego, Calif. 
Reid and Mantyla (1976) demonstrated that the winter increase in sea- 
sonal sea level elevation along the northern North Pacific coast results 
from increased overall flow in the North Pacific subarctic cyclonic 


gyre. 


OCEAN AND ATMOSPHERIC PROCESSES 
NEAR MONTEREY 


Monterey Bay is located along the central California coast, about 
120 km south of San Francisco. The bay, which is bisected by a deep 
submarine canyon, is a large, semi-elliptical coastal feature measur 
ing about 37 km wide at the mouth and about 19 km from the mouth 
to the innermost point. 

The bay lies inshore of the broad, diffuse, southward flowing Cali- 
fornia Current. The strength of the Current is affected by the winds 
over the Current which, in turn, are controlled by the strength and 
location of the Aleutian low-pressure cell located over the Aleutian 


After this paper was completed, the thesis of Chelton (1980) became available. 
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Islands, the Pacific high-pressure cell located east of the Hawaiian 
Islands, and the thermal low-pressure cell located in summer over the 
western United States. During spring and summer the Aleutian low 
normally weakens and the Pacific high intensifies and moves north- 
ward. Winds over the Current during this period are mainly from the 
northwest and are strongest when the Pacific high and thermal low- 
pressure cells are closest together and relatively intense. Winds 
weaken or change direction as this pressure gradient decreases. The 
seasonal change in strength and location of these pressure cells thus 
causes seasonal changes in the winds (Reid et al. 1958). 

Skogsberg (1936) described three distinct phases or periods in the 
seasonal hydrography of Monterey Bay. The calendar year opens in 
the countercurrent or Davidson Current phase. In late fall and early 
winter of most years, winds are weak and vanable and intermittent 
southerly winds occur. A northward flowing countercurrent is 
present at the surface close inshore off central California. The gen- 
eral north-northwest to south-southeast trend of the coastline and 
Ekman transport of surface water to the right of the wind cause 
onshore transport of surface waters and piling up against the coast. 
Minimal solar radiation and strong vertical mixing of surface waters 
by winter storms decrease SST’s to a seasonal minimum during Janu- 
ary or February. While SST’s decline during the Davidson Current 
period, temperatures at deeper levels slowly increase due to advec- 
tion of warm waters from the south. For example, temperatures at 50 
m depth reach a seasonal maximum during December and January 
(Skogsberg 1936; Bolin and Abbott 1963). The end of the Davidson 
Current period is variable and difficult to pinpoint. About March, the 
offshore high pressure cell intensifies and northwest winds become 
frequent. The resulting Ekman transport causes offshore transport of 
surface water and, in the nearshore region, some of this water is 
replaced by cold, nutrient-rich subsurface water upwelled from the 
upper hundred or so meters. Upwelling is strongest when northerly 
winds are strongest, and near Monterey usually reaches a maximum 
in May or June (Bakun 1975). By August, northerly winds begin to 
slacken and the strong solar radiation of late spring and summer 
results in a steady rise in SST that usually continues through Septem- 
ber. A period of calmer winds that Skogsberg (1936) called the oce- 
anic period occurs in September and October. With a slackening of 
wind stress, the cool, upwelled water begins to sink and is replaced 
by warmer surface water from offshore. Coastal SST’s nse to their 
highest seasonal values and strong vertical temperature gradients 
form (Bolin and Abbott 1963). 

Thus the oceanographic regime off Monterey is marked by three 
distinct periods: the Davidson Current period, occurring during 
November through February, has weak northerly winds, strong 
winter storm events, northward current flow, and onshore transport 
of surface water. The upwelling period, occurring in March through 
August, has strong northwest winds, southward current flow, off- 
shore transport of surface water, and upwelling of cool, nutrient- 
rich water. The oceanic period, occurring during September and 
October, is a period of calm between the northerly winds of the 
upwelling period and the southerly winds of winter. During this 
period, highest surface temperatures and strongest vertical temper 
ature gradients occur. Although these are the average seasonal char 
acteristics in the meteorological and oceanic regimes affecting 
Monterey Bay, there are marked yearto-year differences in both 
timing and intensity of the events. 


DESCRIPTION OF DATA 


Recorded tide data from the tide station at Monterey, Calif. were 
chosen for analysis because the tide gage lies along the biologically 


productive upwelling region off central California and is exposed to 
open ocean conditions with no nearby river discharge that may affect 
sea level measurements (such as at San Francisco or Crescent City, 
Calif.). The Monterey gage is the only primary tide station main- 
tained by the National Ocean Survey (NOS) between San Francisco 
and Avila, and thus fills a large data gap along the central California 
coast. The Monterey station has been operated continuously since 
1963 by the Naval Postgraduate School (NPS) but the time-series 
data have not been fully analyzed. The tide station is located along 
the southern edge of the bay near the end of Monterey Municipal 
Wharf No. 2 where the water has a depth of approximately 6.8 m. 
Because of the open shape of the bay and the narrow width of the con- 
tinental shelf, tide measurements obtained here are presumed to 
approximate those of the open coast. 

In addition to sea level data, meteorological and eeemasaatic 
data representative of the Monterey area, including surface atmo- 
spheric pressure data, geostrophic wind data, surface salinity and 
temperature data, and deep hydrocast data were used in this study. 
The geographic proximity of the various data sources allowed direct 
comparison of variables with minimal problems resulting from spa- 
tial distortion. Figure 1 shows the location from which each of the 
data sources was derived, along with bathymetric contours. 
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Figure 1.—Map of Monterey Bay, Calif., region showing location of data 
sources. 


Monterey Sea Level Data 


Tide Gages.—A standard recording tide gage, which traces tide 
heights continuously on a strip chart, was installed at the Monterey 
tide station by NPS personnel in June 1963. This analog system is 
entirely mechanical and is highly dependable when maintained prop- 
erly. A drum-mounted strip chart is rotated by a spring-driven clock 


mechanism, and a pencil records sea level changes by means of a 
float-pulley system. A second instrument, a Fisher-Porter digital tide 
gage, was installed adjacent to the analog gage by the NOS in 
November 1973. This is an electrically operated system which 
punches digital data on foil tape. Both gages use the same 21.6 cm 
diameter float and have operated simultaneously since November 
1973. The stilling well, which serves as a low pass filter for oscilla- 
tions with periods greater than a minute, consists of a 30.5 cm diame- 
ter steel pipe with a 2.5 cm diameter orifice at the bottom. Both gages 
are checked for accuracy of time and height and are annotated about 
five times per week. 


Data Processing and Reduction.—Continuous tide traces 
obtained from the analog gage during the period 20 July 1963 
through 31 December 1974 were manually digitized for use in this 
study by Ocean Data Systems, Inc., Monterey, Calif. Datums were 
reviewed and data were reduced to hourly sea level heights using 
standard NOS procedures (Coast and Geodetic Survey 1965). Data 
from the digital gage for the period 1 January 1974 through 31 Sep- 
tember 1976 were processed for hourly heights by the NOS and pro- 
vided foruse in this study. Data from both gages were recorded in feet 
and in this study converted to centimeters. The hourly heights from 
both analog and digital gages are accurate to about 0. | ft (3.0 cm) and 
times of observation (Pacific Standard Time) are accurate to within 6 
min. A small percentage of the hourly sea level data was missing, 
either rejected as erroneous or lost due to equipment malfunctions. 
As a result, some monthly means contain less than a full month of 
data. Missing data of duration of a day or longer are listed in Appen- 
dix A. 

All hourly heights were measured relative to the station datum 
established by the NOS in November 1973. Mean sea level for the 
period 1963 through 1978 lies at 184.4 cm and the National Geodetic 
Vertical Datum lies 182.88 cm above the station datum. 


Merging of Analog and Digital Tide Data.—To obtain the long- 
est possible continuous tide record, it was necessary to merge the 
older analog data with the more recent digital data. Before the data 
sets were combined, the response of the two gauges was analyzed by 
comparing the hourly heights from both tide records for the calendar 
year 1974. The correlation coefficient between the analog and digital 
data sets exceeds 0.99, as anticipated. 

The differences (digital-analog) between the two sets of hourly sea 
levels for the calendar year 1974 had a mean value of -0.06 cm. The 
frequency distribution of the differences (Fig. 2) resembles a normal 
distribution, with a standard deviation of 3.7 cm. Nearly all of the 
differences can be attributed to the fact that the digital data were 
recorded as instantaneous values, which can include short-term sea 
level fluctuations such as long period waves and seiches, whereas in 
the analog data, these short-term fluctuations were filtered out by 
manually smoothing the tidal curve before digitizing. 

It was concluded that differences between the two data sets were 
negligible, and that the analog and digital data could be combined 
without significant error. Thus, analog data from the period 20 July 
1963 through 31 December 1974 were combined with digital data 
from the period 1 January 1975 through 31 August 1976 to form a 
13-yr time series containing 107,954 hourly observations. 


Long Period Sea Level Changes.—Tide gages monitor the 
height of the sea level relative to land. Thus, changes in mean sea 
level over periods of years or decades can result from the addition 
or removal of water from the oceans due to global climatic varia- 
tions, from subsidence or emergence of the land upon which the 
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Figure 2.—Comparison of hourly tide measurements in Monterey Bay, Calif., from 
digital and analog gages for calendar year 1974. Total number of observations was 
107,954. 


gage is located, or from long-period astronomic tides. For exam- 
ple, some long-period trends in sea level records, such as the rise in 
sea level in Panama described by Roden (1963) or the drop in sea 
level in the Juneau, Alaska, area described by Hicks (1973), clearly 
result from local or regional land subsidence or uplift. 


To determine trends in the Monterey sea level record during the 
period 1963 through 1978, a least-squares linear fit was made to the 
time-series on monthly mean values. The fit showed a relative nse in 
sea level of about 0.01 cm/yr. The variability in sea level due to 
oceanographic and meteorological processes greatly exceeds this 
trend and thus the effects of long term trends were neglected in this 
study. 

Of the long-period astronomic tides, the nodal tidal constituent, 
which results from the changing declination of the moon over a pe- 
riod of 18.61 yr, has the greatest amplitude. The theoretical ampli- 
tude of this constituent varies with latitude, with maximum effects at 
the Equator and the poles and minimum effects near lat. 35°N and 
35°S (Lisitzin 1974). A second significant long period constituent, 
the annual solar tide, has an amplitude approximately one-fifth of the 
nodal tide component. The effects of this tidal constituent vary with 
latitude in a manner similar to that of the nodal tide. Monterey, 
located near lat. 36°N, is ina region where the ranges of both of these 
long period tides are about | cm, so these effects were neglected in 
this study. 


Ocean and Atmospheric Data 


The atmospheric pressure and wind data used in this study were 
derived from 6-h synoptic surface pressure fields prepared by Fleet 
Numerical Oceanography Center (FNOC). The pressure fields, 
interpolated onto a grid with a mesh length of 3° latitude and longi- 
tude, were used to compute geostrophic winds, from which wind 
stress, Ekman transport, and Sverdrup transport estimates were cal- 
culated at a deep water site approximately 14 km west of Monterey 
(Fig. 1). A description of the methods and computations used in these 
calculations is given by Bakun (1975). Briefly, the geostrophic wind 
was computed for the point lat. 36.6°N, long. 122.1°W and an esti- 
mate of the wind near the sea surface was made by rotating the geos- 
trophic wind vector 15° to the left and reducing its magnitude by 


30%. The surface wind stress was computed and the wind stress vec- 
tor was resolved into north-south (meridional or alongcoast) and east- 
west (zonal or crosscoast) components. Ekman transport was 
computed and offshore-onshore transport was determined by resolv- 
ing the vector component perpendicular to the general trend of the 
coastline. Sverdrup transport was calculated as described by Nelson 
(1977). 

The surface temperature and salinity data were obtained from sam- 
ples taken daily at Hopkins Marine Station of Stanford University 
during the period January 1963 to May 1975. SST data from June 
1975 to December 1978 were taken at the Monterey tide station by 
NPS personnel. Salinity data from Hopkins Marine Station are not 
available later than May 1975. 

To examine the relationship between sea level and dynamic height, 
a series of hydrographic cast data were assembled for a station 
located in mid-Monterey Bay, about 19 km northwest of the tide sta- 
tion (Fig. 1). This hydrographic station is located near the mouth of 
the Monterey submarine canyon where the water depth is over 900 
m. The hydrographic cast data were taken semimonthly by the 
Hopkins Marine Station during 1963-73. Sampling during the first 
years of the program was limited to the upper 50 m of the water 
column but in 1968 the sampling depth was increased to over 500 m. 
Sampling was discontinued by Hopkins in December 1973 and was 
resumed by Moss Landing Marne Laboratory from July 1974 to 
June 1978.* 

The Hopkins and Moss Landing hydrographic data were key- 
punched and profiles of temperature and salinity and temperature- 
salinity curves were plotted for each station. Using these plots, 
obvious errors in the data were eliminated. 

The time series of hydrographic stations had a gap in early 1974 
between the end of Hopkins sampling and the beginning of Moss 
Landing sampling. Several expendable bathythermograph (XBT) 
drops taken during this period by NPS are available for the mid-bay 
location. To be able to utilize these XBT data, it was necessary to 
estimate a salinity value for each temperature value. A density 
value was calculated for each pair of temperature-salinity observa- 
tions in the hydrographic cast data and correlation analysis was 
made. Density was found to be better correlated with temperature (r 
= 0.98) than was salinity with temperature (r = 0.96). Thus a den- 
sity value was computed for each temperature in the XBT profiles 
and then a companion salinity value was calculated for each tem- 
perature and density pair. This procedure also allowed estimation of 
salinity for some of the hydrographic casts where temperature but 
not salinity values were recorded. The hydrographic data were then 
checked for density instabilities and finally, dynamic height was 
calculated for each profile for the 0/200, 0/400, and 200/400 db 


3Hopkins Marine Station. CalCOFI Hydrographic Data, collected on approxi- 
mately bi-weekly cruises on Monterey Bay, California. Annual reports for years 
1968 to 1973 (mineogr.). Hopkins Marine Station, Pacific Grove, CA 93950. 

4Broenkow, W. W., S. R. Lasley, and G. C. Schrader. 1975. CalCOFI 
Hydrogrphic Data Report, Monterey Bay, July to December 1974. Tech. Publ. 75- 
1. Moss Landing Mar. Lab., Moss Landing, CA 95039. 

Broenkow, W. W., S. R. Lasley, and G. C. Schrader. 1976. CalCOFI Hydro- 
graphic Data Report, Monterey Bay, January to December 1975. Tech. Publ. 76-1 
Moss Landing Mar. Lab., Moss Landing, CA 95039. 

Lasley, S. R. 1976. CalCOFI Hydrographic Data Report, Monterey Bay, January 
to December 1976. Tech. Publ. 77-1. Moss Landing Mar. Lab., Moss Landing, CA 
95039. 

Chinburg, S. J., and S. R. Lasley. 1977. CalCOFI Hydrographic Data Report, 
Monterey Bay, January to December 1977. Tech. Publ. 78-1. Moss Landing Mar. 
Lab., Moss Landing, CA 95039. 

Chinburg, S. J. 1979. CalCOFI Hydrographic Data Report, Monterey Bay, Janu- 
ary to June 1978. Tech. Publ. 79-1. Moss Landing Mar. Lab., Moss Landing, CA 
95039. 


(decabars) levels. The depth of maximum calculation was limited 
by the XBT profiles which extended to only 460 m. The final time 
series contained 202 profiles to at least 400 m in the 10-yr period 
April 1968 to June 1978. 

Monthly means and anomalies of sea level, and of the ocean and 
atmospheric data described in the above sections, are presented 
graphically and in tabular form in Appendix B. 


SEA LEVEL AT MONTEREY 


Although the time series of hourly sea levels contains much valu- 
able information on the occurrence, amplitude, and duration of 
anomalous short period sea level fluctuations, it was decided for this 
study to concentrate on variations of sea level of monthly period and 
longer and on their atmospheric and oceanographic causes. Weekly 
and 6-h sea level data are discussed but in a more limited way as are 
the statistical characteristics of hourly deviations from the predicted 
sea level. Readers interested in short period fluctuations are referred 
to Maixner (1973) who examined Monterey sea level data during the 
year 1971. 


Means and Variations 


Hourly Sea Level.—To analyze nontidal sea level variations, 
which are small compared with the normal tide range in this area, the 
tidal signal must first be removed. Three methods for this are averag- 
ing, filtering, or subtracting predicted tides from the observed. The 
Tide Predictions Branch of the NOS performed a harmonic analysis 
of 365 d of hourly Monterey tide height values and isolated 37 har 
monic constituents (Maixner 1973). Using the 20 constituents whose 
amplitudes were >0.61 cm, the NOS computed predicted hourly 


tide heights for the period of record, 1963 through 1976. Predicted 


hourly heights were then subtracted from the 13 yr of observed 
hourly heights to yield nonastronomic residuals. The frequency of 
occurrence of these sea level differences (observed minus predicted), 
which total nearly 108,000 values, approximates a normal or Gauss- 
ian distribution (Fig. 3). Of the observations, 94.5% lie within 15.2 
cm (0.5 ft) of the predicted tide and 99.9% lie within 30.5 cm (1.0 
ft). The maximum observed difference was 39.6 cm. The standard 
deviation of the differences was 8.7 cm, skewness -0.02, and kurto- 
sis 3.2. 
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Figure 3—Frequency of occurrence of differences between observed and pre- 
dicted hourly tide heights at Monterey, Calif., 1963-76. 


The distribution of hourly differences describes nontidal sea level 
variations over a 13-yr period but gives no information about sea- 
sonal variations of the frequency distribution. Are distributions for 
winter months the same as those for summer? To define the seasonal 


change, curves were generated using data from 8,200 to 9,800 obser- 
vations for each of the 12 mo of the year (Fig. 4). The frequency dis- 
tribution of nontidal sea level fluctuations changes seasonally. In 
Apmil, for example, 73% of the observed sea levels were lower than 
predicted, but in September, 81% of the observed data were greater 
than predicted. From March through May, observed sea levels tend 
to be lower than predicted sea levels, probably due to offshore Ekman 
transport, low water temperature, and atmospheric pressure effects as 
discussed later. From July through January, observed sea levels are 
higher than predicted due to atmospheric pressure and thermal 
expansion effects during summer and fall, and to onshore transport, 
pressure, and thermal effects during the Davidson Current period in 
December and January. It is not clear why these seasonal differences 
occur since one would expect seasonal effects to have been included 
in the harmonic constituents. Perhaps the differences occur because 
of variations in the frequency of occurrence of events in different 
years. Thus harmonics generated from measurements in only a single 
year may not be typical of other years. 

The distributions of differences for winter months are wider and 
less peaked than those of summer months, indicating greater variabil- 
ity and larger nontidal events such as winter storms. In contrast, the 
distributions for July and August are narrow and more peaked. 


Monthly Mean Sea Level.—Averaging of hourly sea level values 
over intervals of weeks to months removes the effects of the principal 
diurnal, semi-diurnal, and-other short-term tidal components from the 
data to reduce the quantities of data to manageable size and to empha- 
size the longer time scales. 

Monthly means of the hourly values were calculated for the period 
July 1963 through August 1976 and were updated for the period Sep- 
tember 1976 through December 1978 with monthly mean values pro- 
vided by the NOS. Figure 7 shows the long-term monthly means, 
standard deviations, and extremes of the monthly means of sea level at 
Monterey and other stations along the coast. Mean sea level at Monte- 
rey is lowest in April and highest in September, with a mean annual 
range of 13.6 cm. Vanability is highest during winter months, with 
monthly standard deviations during winter being almost double those 
for summer. The range between maximum and minimum monthly val- 
ues reaches a high of 21.0 cm in January and a low of 8.5 cm in 
August. 

Anomalies of monthly sea level were calculated as differences 
between the monthly mean and the long-term mean for the same 
month. Calculation of anomalies in this manner removes the annual 
cycle from the data and allows examination of processes of nonannual 
periods. Monthly mean sea levels and their anomalies are shown in tab- 
ular and graphical form in Appendix B. In these figures extreme 
monthly sea level anomalies are shown to range from -10.8 cm in 
December 1975 to + 10.7 cm in January 1978. Periods of anomalously 
high sea level occurred during 1969, 1972-73, 1976-77, and early 
1978. and periods of anomalously low sea level occurred in 1964, 

1970, 1971, 1973, 1975-76, and 1977. 

To statistically define the persistence of anomalous periods, the auto- 
correlation function was used. This function describes the decay of the 
correlation coefficient of the data series with itself as the date series is 
time shifted relative to itself an increasing number of lag periods 
(months). The autocorrelation function of monthly Monterey sea level 
anomalies (Fig. 5) shows that sea level anomalies are correlated at the 
5% level of significance for lags of up to 5 mo, indicating that anoma- 
lies persist over a period of several months. The autocorrelation func- 
tion of the sea level series appears to decay exponentially for the first 8 
mo or so, with significant negative autocorrelation coefficients occur 
ring from lags of 11 to 18 and 23 to 26 mo. 
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Figure 4.—Frequency of occurrence by month of differences 
between observed and predicted hourly tide heights at Mon- 


terey, Calif., 1963-76. 
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Figure 5.—Autocorrelation function for anomaly of monthly mean sea level at 
Monterey, Calif. The number of data points is 180 and the significance level is 
computed assuming a normal distribution of correlation coefficients. 


Relation to Other Pacific Coast Tide Stations 


We have seen that mean monthly sea level anomalies at Monterey 
tend to persist for up to 5 mo. The question naturally arises as to 
whether these anomalies are of local or regional geographic extent. 
To determine the spacial and temporal coherence between the 
monthly anomalies at Monterey and those observed at neighboring 
tide recording stations, monthly mean data were assembled for 15 
tide stations along the Pacific coast ranging from Sitka, Alaska, to 
Callao, Peru (Fig. 6). These data were obtained from Klaus Wyrtki 
of the University of Hawaii and from the NOS. Stations selected for 
analysis were those having the best combination of the following 
characteristics: 1) representativeness of open ocean conditions, 2) 
long and continuous data record, 3) a constant tidal reference datum, 
and 4) suitable spacing between station locations along the coast. For 
each station, long-term monthly means were calculated from the 
available data for the period 1963 to 1978 and monthly sea level 
anomalies were derived (Fig. 7). 

For stations north of Crescent City, frequent energetic winter 
storms cause the time series of anomalies to have only moderate per 
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Figure 6.—Location of 15 tide stations along the west coasts of North and South 
America whose data were used in this study (see text). 


sistence whereas stations south of San Francisco have much greater 
persistence of anomalies. Perhaps the most striking feature of the 
time series is the high visual correlation of anomalies along the coast 
(Bretschneider and McLain 1979; Enfield and Allen 1980). The peri- 
ods of anomalously high sea level at Monterey during 1969, 1972- 
73, 1976-77, and 1978 were common to most stations where data are 
available. Similarly, the periods of anomalously low sea level seen at 
Monterey in 1964, 1970, 1971, 1973, 1975-76, and 1977 occurred at 
most of the other stations. 

Correlations of the monthly sea level anomalies between stations 
were calculated using the BMDP8D statistical program (Dixon 1975) 
and are tabulated in Table 1. The correlation of the selected tide sta- 
tions relative to Monterey is shown graphically in Figure 8. Correla- 
tion of the Monterey anomalies is seen to be highest with San 
Francisco (r = 0.85) and lowest with Sitka (r = 0.15). Note also that 
the correlation coefficient drops off more rapidly with distance to the 
north of Monterey than to the south, due to the different space scales 
of the processes affecting sea level to the north and south. 

Osmer and Huyer (1978) suggested the existence of two domains 
of coastal sea level fluctuations, with a boundary located south of San 
Francisco in winter and north of Crescent City in the spring and sum- 
mer. The general location of their break-point is in agreement with 
the findings of Zee (1975), who suggested that sea level anomalies at 
stations from San Francisco southward to the Equator were related to 
nonseasonal vertical movements of the thermocline. That an oceano- 
graphic gradient or boundary may exist between northern and south- 
ern stations is further suggested by Nelson (1977) who showed that 
the area off northern California near Cape Mendocino is one of 
marked change in the seasonal surface wind stress field. The mean 
seasonal wind stress field over the coastal ocean south of Cape Men- 
docino is alongshore (southward) all year while the stress field north 
of Cape Mendocino is strongly onshore in winter and alongshore 
(southward) in summer. 


The geographic coherence of sea level anomalies observed at 
Monterey with the neighboring tide stations along the coast was fur 
ther examined in a time-distance domain. The monthly anomalies 
from the series of 15 coastal stations from Sitka, Alaska, to Callao, 
Peru, were plotted and contoured at 5 cm intervals for the period 
1963 to 1974 (Fig. 9). Data for the years 1975-78 were not available 
for several of the stations so plots for these years are not included. 
The monthly anomalies have recognizable patterns which are coher 
ent in both time and space. For example, large negative anomalies 
can be seen in January 1963 extending from Crescent City to Sitka 
and large positive anomalies in the same region occur in the subse- 
quent fall and winter. 

Anomalies of greater magnitude and stronger gradients in time and 
space occur northward of a boundary zone lying between Crescent 
City and Monterey, than to the south. Anomalous events north of this 
zone tend to occur simultaneously along the coast and persist for 1 or 
2 mo. Anomaly magnitudes and gradients are also generally larger 
southward of a second, less well-defined boundary zone lying 
approximately between Manzanillo and Quepos. Between these 
boundary zones, gradients of the anomaly field are relatively weak. 
Southward of the zone between Crescent City and Monterey, sea 
level anomalies are of relatively long duration, as was noted earlier. 

A particularly interesting event is the anomalously high sea level 
during the period October 1972 through February 1973 between Callao 
and San Francisco. This was a period of strong El Nino activity in the 
eastern tropical Pacific. During El Nifio occurrences warm advection 
occurs into the eastern tropical Pacific Ocean and high SST’s are 
observed. Sea level rapidly rises in the eastern tropical Pacific and falls 
slowly in the western Pacific (Wyrtki 1977). A peak sea level anomaly 
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Figure 7.—Time series of monthiy sea level anomalies for selected west coast tide stations. Inserts show mean annual cycle with standard 
deviations as vertical bars and monthly extremes as dots. 


of 25 cm occurred at Manzanillo in December 1972, where the occur 
rence of high sea levels preceeded those observed at more northern sta- 
tions by a month or more. At Monterey, sea levels were higher than 
average during the winter of 1972-73 (see also Fig. 7). During the El 
Nino period (see time-series plots in Appendix B), atmospheric pres- 
sures at Monterey were less than average and wind stress was negligi- 
ble except during February 1973 when anomalous southerly winds 
resulted in onshore transport of surface waters and downwelling. 

The strong alongcoast correlation of monthly sea level anomalies 
shows that sea level changes at Monterey are related to large-scale 
influences rather than to strictly local events. Table 1 shows that the 
anomalies at Monterey are correlated, at the 5% level of significance, 
with anomalies recorded at stations from Prince Rupert, Canada, to 
Callao, Peru, but are more closely related to events affecting sea levels 
in the group of stations from Crescent City to Quepos, Costa Rica. 
Processes producing the El Nifio phenomenon in the eastern tropical 
Pacific also apparently affect sea level at Monterey. Recent theories 
(e.g., McCreary 1976) predict a deepening of the thermocline associ- 


ated with the El Nino, which propagates northward along the coast as a 
Kelvin wave, and that northward geostrophic currents are produced 
behind the Kelvin wave fronts. Such currents cause changes in the 
cross shelf sea surface slope and northward advection of warm water. 
Both processes would cause anomalous increases in sea level at stations 
along the coast. 


CAUSES OF SEA LEVEL VARIATIONS 
AT MONTEREY 


The effects on sea level of changes in atmospheric pressure, 
changes in sea surface slopes due to changes in alongcoast currents, 
and changes in average density of the water column are all interre- 
lated. A change in the distribution of atmospheric pressure over the 
ocean surface will generally change the horizontal gradient of pres- 
sure, resulting in a change in the geostrophic and other wind compo- 
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Figure 7.—Continued. 


nents, and thus in wind stress. A change in wind stress will change 
the wind-driven current, redistribute the mass, and change the aver- 
age density of the water column. Wind stress changes also alter wind- 
induced set-up or set-down against the coast. All of these processes 
combine with effects of a northward propagating wave from the trop- 
ics to affect sea level at Monterey. 

Records of SST and salinity changes reflect changes in oceano- 
graphic conditions at the sea surface and may also be indicative of 
changes in the subsurface density distribution. Dynamic height cal- 
culations, however, provide a direct measure of the subsurface den- 
sity field and its changes, and therefore reflect large scale changes in 
ocean circulation. If a strong relationship between sea level and 
dynamic height were found, it would allow use of inexpensive tide 
gage data to monitor changes in coastal circulation. The time series of 
frequent hydrographic stations taken in mid-Monterey Bay during 
1968 to 1978 provide a unique opportunity to test for such a relation. 

Correlation, regression, and spectral analysis techniques were 
used to study the causes of the sea level variations. These variations 
occur on various time scales and the analysis techniques used were 


chosen as appropriate for the time scale and character of the data to be 
analyzed. Thus, this section is organized generally by time-sampling 
and specifically by analysis procedures. 


Correlation Analysis 


Long term monthly means and anomalies for the period 1963-78 
were calculated for the following oceanic and atmospheric variables: 
surface atmospheric pressure, meridional component of wind stress, 
zonal wind stress, offshore component of Ekman transport, Sverdrup 
transport, salinity, SST, and 0/400 db dynamic height. The data are 
presented numerically and graphically in Appendix B. Correlations 
between these variables and the monthly sea level anomalies at Mon- 
terey were calculated using the BMDP8D statistical program (Dixon 
1975) and the results are given in Table 2. The correlation analysis 
measures the strength of the linear relationship between two random 
variables. However, the variables dealt with here are not random and 
may be mutually dependent on some third but unmeasured variable. 
Thus care must be used in interpretation of the statistical results. In 
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Figure 7.—Continued. 


the following paragraphs each variable will be treated in turn and the 
results of the correlation analysis will be discussed. 


The effect on sea level of changes in atmospheric pressure over the 
oceans has been examined by a number of authors (Patullo et al. 
1955: Saur 1962; Roden 1960). An increase (decrease) in atmo- 
spheric pressure results in a decrease (increase) in sea level. The pres- 
sure effect can be quite large in some areas, particularly in the Gulf of 
Alaska where winter storms are intense or along the Gulf or Atlantic 
coasts of the United States during the passage of hurricanes. 


The isostatic contribution of atmospheric pressure variations to vari- 
ations in sea level is computed from the hydrostatic equation Ap= - 
pAh where Ap is the change in atmospheric pressure in millibars 
(mb), p is the density of water in g/cm’, g is the acceleration of gravity 
in cm/s*, and Ah is the change in sea level in centimeters. Applying this 
equation to seawater of density 1.025 g/cm? and using 980.7 cm/s? as 
the acceleration of gravity, we find that an increase in atmospheric pres- 
sure of | mb will result in a 0.995 cm depression of sea level. 


The annual seasonal range of monthly mean atmospheric pressure 
at Monterey during the period 1963-78 was 7.3 mb, but pressure 
changes several times greater than this are not uncommon during the 
passage of intense winter storms. Thus, the effect of atmospheric 
pressure is expected to account for a significant portion of sea level 
variability near Monterey. 

Maixner (1973) examined hourly data recorded from the Monterey 
tide gage during the year 1971 and concluded that sea level responds 
rapidly (within several hours) to pressure changes in an approxi- 
mately hydrostatic manner. The coefficient of correlation between 
monthly mean sea level anomalies and pressure anomalies, based on 
180 mo of simultaneous data from the period July 1963 through 
December 1978, was found in the present study to be -0.69 (Table 2). 
The relatively large negative correlation indicates a significant 
response of sea level to pressure. 

It is desirable to remove the static effects of atmospheric pressure 
from the monthly sea level data so that the influence on sea level of 
other variables can be readily examined. To accomplish this, monthly 


Table 1.—Intercorrelation of monthly mean sea level anomalies for selected west coast tide stations. Abbreviations refer to names 
of stations shown in Figure 6. Correlation coefficients enclosed in parentheses are not significant at the 5% level. 
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2 azar duced by winds parallel to the coast. The direct piling up of water 
= Manzanillo against the shore is commonly observed along coasts with wide, shal- 
ropilios Salina Cruz low continental shelves or long, narrow embayments. The magnitude 
= of this effect is dependent on basin configuration, surface wind veloc- 
Quepos ity, depth of water, and the time scales considered. The continental 
shelf in the Monterey area is quite narrow with deep water located close 
inshore so that the effects of wind set-up are small. Defant (1961) 
jo . . . 
C showed, for example, that a constant 10 m/s wind blowing over a basin 
Talara 50 m deep would produce a sea surface slope of 6.6 cm/100 km. The 
50 m contour near Monterey is <1.6 km offshore (Fig. 1), and the 
eeliee magnitude of direct piling of water by the wind is thus less than the 
15°S range of error in tide measurements. In addition, monthly anomalies of 


1.0 


Correlation 


Figure 8.—Correlation of monthly sea level anomalies at selected west coast 
tide stations relative to Monterey, Calif. 


mean sea levels were adjusted for monthly pressure effects by increas- 
ing (decreasing) sea level 1.00 cm for every 1.00 mb increase 
(decrease) of atmospheric pressure. The use of the more accurate value 
of 0.995 cm/mb was not warranted in this study. The magnitude of the 
pressure correction was determined by subtracting the long term mean 
pressure for the period January 1963 through December 1978 
(1,016.85 mb) from the monthly mean atmospheric pressures. This 
method removes the effects of seasonal and interannual pressure 
changes. Mean monthly sea levels and sea level anomalies from which 
the hydrostatic effect associated with monthly pressure anomalies have 
been removed are referred to in this paper as adjusted sea levels. 
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zonal (east/west) wind stress were found not to be significantly correl- 
ated with monthly sea level anomalies at the 5% level of significance 
(Table 2). Accordingly, elevation or depression of sea level by cross 
shore wind stress is neglected in this analysis. 

The second effect of wind stress is that of sea surface slopes pro- 
duced by offshore or onshore Ekman transport due to winds parallel to 
the coast. According to conventional Ekman transport theory, net trans- 
port is directed 90° to the right of the wind in the Northern Hemi- 
sphere. In this study, offshore/onshore Ekman transport was found to 
be significantly correlated with sea level (r = —0.42 in Table 2). The 
inverse correlation indicates that offshore transport results in decreased 
sea level and onshore transport in increased sea level. Meridional wind 
stress is also significantly correlated with sea level (r =0.43), as 
expected. Monthly anomalies of Sverdrup transport were found not to 
be significantly correlated with monthly sea level anomalies at the 5% 
level. 

Sea surface temperature and surface salinity are both significantly 
correlated with monthly sea level anomalies (with correlation coeffi- 
cients of 0.61 and -0.35). The signs of the correlations indicate that 
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Table 2.—Intercorrelation of monthly mean anomalies of sea level with various oceanic and 
atmospheric variables at Monterey, Calif. (see text). Correlation coefficients enclosed in paren- 


theses are not significant at 5% level. 


ADJ MERID ZONAL EKM _ SVP DYN 
SL SLa > PRESS WS WS SPA ATSERESAL SSit Soil 
SL 1.00 
ADJ SL -96 1.00 
PRESS -.70  -.46 1.00 
MERID WS 43 42 -.28 1.00 
ZONAL WS" (-.14) -.18 (-.03) -.48 1.00 
EKM TSPT -.42 -.42 26 -.99 59 1.00 
SVP/TSPT (01) (.07) -.18 -.33 als, .32 1.00 
SAL 35). =.31 .29 -.31 (.07) .30 "208100 
SST 61 65 -.29 38 -.17 Sasi) (EAS) eso THOT) 
DYN HT 719 Sih?) 46 25 (-.08)  -.25 (.00) -.44 .65 1.00 


increases in SST are associated with increased sea levels and increased 
salinities are associated with decreased sea levels. These relationships 
are consistent with basic considerations of seawater density changes. 

Dynamic height (0/400 db) at the mid-Monterey hydrographic sta- 
tion was found to be strongly correlated with sea level fluctuations at 
Monterey. The correlation coefficient of 0/400 db dynamic height was 
0.79 with Monterey sea level and was the highest of any of the varia- 
bles tested. The higher correlation of sea level with dynamic height 
than with SST (r = 0.61) suggests that subsurface fluctuations are 
important in causing changes of both sea level and dynamic height at 
Monterey. A possible cause of such subsurface fluctuations is the 
northward propagating coastally trapped wave mentioned earlier. To 
examine this, sea level at Talara, Peru, was used as an index of El Nino 
conditions and was lagged 0 to 10 mo for correlation with sea level at 
Monterey. The correlation coefficient peaked at r = 0.37 at a lag of 6 
mo. A wave propagating the approximately 6,300 km between Talara 
and Monterey in 6 mo would have a phase speed of about 34 km/d. 
This is somewhat lower than speeds reported by Enfield and Allen 
(1980) but not inconsistent with their results. 


Regression Analysis 


We have seen that the monthly anomalies of sea level at Monterey 
are significantly correlated with dynamic height, atmospheric pres- 
sure, SST, meridional wind stress, offshore Ekman transport, and 
surface salinity. To quantify these relationships, a multiple regression 
analysis was performed using the BMDP2R stepwise multiple 
regression program (Dixon 1975). Since fluctuations of meridional 
wind stress and offshore Ekman transport are closely related (r = 
0.99 in Table 2), use of both variables in a regression would cause 
instabilities in the computation. Ekman transport was omitted from 
the regressions and only the meridional wind stress considered since 
the wind stress is the more fundamental variable. 

The results of the regression analysis for the entire year, presented 
in Table 3 (Part A), show that dynamic height is the major predictor 
of sea level, with atmospheric pressure, SST, and meridional wind 
stress as second, third, and fourth predictors. The remaining varia- 
bles explained only negligible portions of the variance and their coef- 
ficients are not included in the table. Together, the four major 
predictors explain over 76% of the variance of the monthly sea level 
anomalies with dynamic height alone explaining 62% of the vari- 
ance. Considering that the sea level was recorded hourly in a consis- 
tent fashion while dynamic height was computed from observations 
taken at scattered times by several institutions using different meth- 
ods, the strength of the relation seems very good. 


Table 3.—Results of multiple regression analysis of sea level at Monterey, Calif., 
with various oceanic and atmospheric variables for entire year, Davidson Current, 
and upwelling periods. Data series are sea level (SL) in centimeters, atmospheric 
pressure (PRESS) in millibars, sea surface temperature (SST) in °C, meridional 
wind stress (MWS) in dynes/cm2, and dynamic height (DYN HT) in centimeters. 


Step Variable Explained variance Increase in explained vanance 
A. Entire year (Jan.-Dec., 77 mo of data) 

| DYN HT .62 62 

2 PRESS 10 .08 

3 SST 74 04 

4 MWS 716 -02 


Sea level = -0.057 + 0.470 DYN HT - 0.894 PRESS + 1.208 SST + 4.491 MWS 
B. Davidson Current period (Oct.-Feb., 31 mo of data) 


| DYN HT Saks} 16 
2 MWS 82 .06 


Sea level = -0.0653 + 0.732 DYN HT + 15.402 MWS 


C. Upwelling period (Apr.-Aug., 33 mo of data) 


| DYN HT 36 36 
2 MWS 52 16 
3} PRESS 08 
4 SST 66 06 


Sea level = -0.108 - 0.935 PRESS + 0.256 DYN HT + 4.256 MWS + 1.271 SST 


The relationship between sea level and dynamic height was further 
examined in a seasonal sense. There is good agreement in both phase 
and amplitude of the long term monthly means of dynamic height and 
adjusted sea level (Fig. 10). The observed seasonal cycle for 
dynamic height is somewhat more variable than that of sea level, pos- 
sibly as a result of limited sampling (there were only 12 or 13 stations 
per month during winter but up to 24 stations per month the rest of the 
year). The figure shows that both sea level and dynamic height near 
Monterey are highest in winter and lowest in spring. 

Reid and Mantyla (1976), showed that south of lat. 40°N in the 
eastern North Pacific Ocean sea levels are typically highest in late 
summer and early fall and lowest in late winter as a result of annual 
solar heating. North of lat. 40°N, however, sea levels are highest in 
winter and lowest in summer; this pattern cannot be explained by the 
steric response to seasonal heating and cooling. Using Sturges’ 
(1974) data from Neah Bay, Reid and Mantyla further demonstrated 
that maximum sea levels occur in winter when inshore northward 
flow is strongest and minimum sea levels occur during summer when 
flow is southward, thus relating seasonal changes in sea level to geo- 
strophically balanced flow. Monterey lies at lat. 36°N and has a sea- 
sonal cycle that is intermediate between these regimes. 
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Figure 10.—Seasonal cycle of sea level and dynamic height near Monterey, 
Calif. Sea level data are for 1963-78 and shown as dotted line and dynamic 
height data are for 1968-77 and shown as dashed line. Ranges of monthly sea 
levels are shown by vertical bars. 


Sea level and dynamic height are also in good agreement in a time 
series sense. Figure 11 shows the time series of weekly mean sea level, 
calculated from the hourly data, and individual dynamic height calcula- 
tions relative to 200 and 400 db. The figure shows that both sea levels 
and dynamic heights were higher than normal during 1969-70, 
1972-73, and 1976, which were periods of El Nino activity in the east- 
ern tropical Pacific. Sea levels and dynamic heights were both also 
near or below normal during anti-El Nino periods. Because of the close 
agreement between seasonal cycles of sea level and dynamic height, 
and because of the high correlation of sea level at Monterey with that at 
adjacent stations, dynamic height and sea level vanations may both 
reflect variations in the alongshore geostrophic current flow. To show 
this, one would have to show that fluctuations of sea level were correl- 
ated with fluctuations of slope of dynamic height normal to the coast- 
line. Suitable data for this may be available but this was felt to be 
beyond the scope of this report. 

The regression formula indicates that the response of sea level to 
changes in atmospheric pressure is -1.67 cm/mb whereas a purely 
hydrostatic response would be -1.00 cm/mb. This higher than theoreti- 
cal pressure response coefficient is poorly understood but is possibly 
due to reinforcement of the local pressure effect by a larger scale, 
dynamic aspect of the atmospheric pressure systems themselves. Saur 
(1962) and Roden (1960) analyzed monthly tide data from stations to 
the north and south of Monterey and found similar larger than expected 
pressure response coefficients. 

Because of the significant seasonal changes in the oceanic and 
atmospheric regimes near Monterey, we might expect to observe sea- 
sonal changes in the processes affecting sea level. To define these 
seasonal changes, the ocean and atmospheric variables were ana- 
lyzed separately for the two major periods, the Davidson Current and 
the upwelling periods (Table 3). 

Sea level changes during the Davidson Current period were ana- 
lyzed using data from 5 mo, October through February, for the years 
1963-78. The results of multiple regression analysis indicate that 
dynamic height and meridional wind stress are major predictors of 
sea level during this period, explaining 82% of the variance of 
monthly sea level anomalies. During this period, dynamic height and 
sea level are strongly correlated, r = 0.87. 
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The second period analyzed was centered during the upwelling 
period and covered 6 mo, April through August, during the years 
1964-78. During this period, dynamic height remains the primary 
predictor but at weaker correlation, r = 0.60. Atmospheric pressure, 
SST, and meridional wind stress are secondary predictors and in total 
account for 66% of the variability of monthly sea level. 

Thus, some seasonal change in the processes affecting sea level is 
indicated, with dynamic height accounting for most of the sea level 
variability in both the upwelling and Davidson Current periods. 
Meridional wind stress is also important during both periods but 
more so during the upwelling than Davidson Current period. Atmo- 
spheric pressure and SST explain an additional portion of the sea 
level variability during the upwelling period. The greater amount of 
explained variance in winter than summer suggests that conditions in 
winter are dominated by changes in the structure of the water column 
whereas upwelling in summer causes complicated effects on sea 
level. 


Spectral Analysis 


In the previous section, it was shown that most of the variance of 
monthly sea level anomalies can be explained by monthly anomalies 
of dynamic height, surface atmospheric pressure, SST, and meridio- 
nal wind stress. However, important variations in these processes 
occur on time scales shorter than a month. To determine how the var 
iance of sea level is distributed with frequency over time-periods of 
days to weeks, auto- and cross-spectra were calculated for 6-h obser 
vations of sea level, atmospheric pressure, and meridional wind 
stress. Spectra of dynamic height and SST were not computed 
because the required data were too sparse. 

To prepare these data for spectral analysis, it was necessary to sub- 
sample the hourly sea level series at the 6-h period of the available 
surface atmospheric pressure and meridional wind stress data. 
Atrnospheric pressure and mendional wind stress were calculated as 
described previously on a 6-h basis for the period 1 January 1967 
through 31 August 1976 fora point approximately 14 km west of the 
Monterey tide station (Fig. 1). Hourly sea level data for the same 
time period were low-pass filtered to remove the diurnal, semi- 
diurnal, and other short-term tidal components and were sub- 
sampled at 6-h intervals. A complete description of the low-pass 
filter used is given by Godin (1966). All data series were then 
detrended by subtracting their 30-d running mean to produce band- 
passed series. The response function for the 30-d running mean is 
shown in Figure 12. 

Atmospheric pressure, wind stress, and sea level data (unadjusted 
for pressure effects) were analyzed during the winter storm season (1 
November to 8 March) and the upwelling period (1 April to 8 
August) for the years 1967-76. The definition of these periods is 
somewhat arbitrary but was based on visual interpretation of time 
series of sea level and wind stress and on the requirement that the 
number of data points used in the spectral analysis be a power of 2. 
Since the periods are normally 3-4 mo long, 512 data points (128 d) 
were used. A fast Fourier transform spectrum analysis with a trangu- 
lar data window was used and the spectra were averaged for all avail- 
able years. The frequency bandwidth is 0.04 cycles per day (cpd) and 
the number of degrees of freedom is 90 for the winter period and 100 
for the upwelling period. 

The spectral relationships between sea level and atmospheric pres- 
sure are discussed first. In the low frequency region, the winter pe- 
riod spectra (Fig. 13) are three to four times more energetic than the 
upwelling period spectra (Fig. 14), indicating the effects of intense 
winter storm events. The largest sea level and pressure fluctuations 
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Figure 12.—Amplitude response function for the 30-d running mean filter used 
to low pass filter hourly sea level data from Monterey, Calif. 


occurred in the 0.04-0.08 cpd frequency band (24-12 d). This peak 
was present in all series and was significant at the 95% confidence 
level for pressure but not for sea level. Fluctuations of longer period 
than this peak appear to be more important for sea level than for pres- 
sure. The filters used in the analysis had been designed to isolate van- 
ations with periods 2-10 d (0.5-0.2 cpd) but did not reveal any 
significant spectral peaks in that region. 

The coherence (squared) between sea level and atmospheric pres- 
sure was found to be significant and independent of frequency in the 
upwelling period (Fig. 14), but in the winter period (Fig. 13), 
decreased in magnitude at frequencies greater than 0.5 cpd (<2d). The 
nearly constant 180° phase angle between the two series reflects the 
inverse response between atmospheric pressure and sea level as 
expected from the hydrostatic equation. 

In order to better examine the relationship of wind stress and sea 
level, the low-passed 6-h sea level series was adjusted for atmospheric 
pressure effects and detrended using the 30-d running mean filter 
described previously. Auto- and cross-spectra were then calculated for 
the 6-h adjusted sea level and meridional wind stress series (Figs. 15, 
16). Like the atmospheric pressure and unadjusted sea level series, 
meridional wind stress had a concentration of energy at low frequencies 
with large variations occurring in the 0.04-0.08 cpd frequency band, 


and the winter season power spectra contained more energy than that of 


the upwelling season. Coherence between adjusted sea level and 
meridional wind stress is generally low. The phase angles provide little 
information because of the low coherence. 


SUMMARY 


Analysis of 13 yr of hourly sea levels indicates that nontidal sea 
level variations are small compared with the normal tide range in the 
area. The largest nontidal deviation observed was 39.6 cm. A sea- 
sonal change revealed by monthly frequency distributions of hourly 
nontidal sea level variations was found, with observed sea levels 
being generally less than the predicted during March through May 
and greater than the predicted from July through January. 

Monthly sea level anomalies at Monterey are correlated with 
anomalies at tide stations from Prince Rupert, Canada, to Callao, 
Per, but are most closely related to events affecting sea levels in the 
group of stations from Crescent City, Calif., to Quepos, Costa Rica. 
Processes producing the El Nino phenomenon in the eastern tropical 
Pacific affect sea level at Monterey with a lag of about 6 mo. 
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Figure 13.—Spectral plots of 6-h atmospheric pressure (Press) and unadjusted 
sea level (SL) for the winter period (df = 90) at Monterey, Calif. The horizontal 
axes are frequency in cycles per day (cpd). The upper plot shows spectral den- 
sity of pressure (in mb2/cpd) and sea level (in cm2/cpd); the middle plot shows 
the squared coherence of the two series; and the lower plot shows the phase. 


Multiple regression analysis indicates that monthly anomalies of 
dynamic height and meridional wind stress account for most of the 
monthly sea level variability at Monterey during both the Davidson 
Current and upwelling seasons. Atmospheric pressure and SST 
account for an additional portion of sea level variability during the 
upwelling season. 

There is good agreement between the behavior of sea level and 
dynamic height in both a seasonal sense and in interyear variability. 
The close agreement between sea level and dynamic height, and the 
high correlation of sea level at Monterey with that at adjacent tide sta- 
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Figure 14.—Spectral plots of 6-h atmospheric pressure (Press) and unadjusted 
sea level (SL) for the upwelling period (df = 100) at Monterey, Calif. The hori- 
zontal axes are frequency in cycles per day (cpd). The upper plot shows spectral 
density of pressure (in mb?/cpd) and sea level (in cm2/cpd); the middle plot 
shows the squared coherence of the two series; and the lower plot shows the 
phase. 


tions along the coast are both thought to result from variations in coastal 
current flow. 

Analysis of 6-h sea level and atmospheric pressure observations 
shows that the power spectra in the winter season are more energetic 
than those of the upwelling season, and that most of the energy occurs 
at low frequencies (periods longer than 12 d). Coherence between sea 
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Figure 15.—Spectral plots of 6-h meridional wind stress (WS) and adjusted sea 
level (SL) for the winter period (df = 90) at Monterey, Calif. The horizontal 
axes are frequency in cycles per day (cpd). The upper plot shows spectral den- 
sity of wind stress (in (dynes/cm2)2/cpd) and sea level (in cm2/cpd); the middle 
plot shows the squared coherence of the two series; and the lower plot shows the 
phase. 


level and atmospheric pressure is significant and independent of fre- 
quency. This and a nearly constant 180° phase relationship between 
these 6-h data sets reflects the inverse response between sea level and 
atmospheric pressure expected from the hydrostatic relationship. The 
power spectra for 6-h meridional wind stress also show a concentration 
of energy at low frequencies and are most energetic in winter; however, 
coherence between the local wind stress and sea level is generally low. 
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Figure 16.—Spectral plot of 6-h meridional wind stress (WS) and adjusted sea 
level (SL) for the upwelling period (df = 100) at Monterey, Calif. The horizon- 
tal axes are frequency in cycles per day (cpd). The upper plot shows spectral 
density of wind stress (in (dynes/cm?)?/cpd) and sea level (in cm?/epd); the mid- 
die plot shows the squared coherence of the two series; and the lower plot shows 
the phase. 


LITERATURE CITED 
BAKUN, A. 
1975. Daily and weekly upwelling indices, west coast of North America, 1967- 


73. U.S. Dep. Commer, NOAA Tech. Rep. NMFS SSRF-693, 114 p. 


BOLIN, R. L., and D. P ABBOTT. 

1963. Studies on the marine climate and phytoplankton of the central coastal area of 

California, 1954-1960. Calif. Coop. Oceanic Fish. Invest., Rep. 9:23-45. 
BRETSCHNEIDER, D. E., and D. R. McLAIN. 

1979. Anomalies of monthly mean sea level along the west coasts of North and 
South Amenica. /n J. R. Goulet, Jr. and E. D. Haynes (editors), Ocean variability in 
the U.S. fishery conservation zone, 1976, p. 51-64. U.S. Dep. Commer., NOAA 
Tech. Rep. NMFS Circ. 427. 

CHELTON, D. B. 

1980. Low frequency sea level variability along the west coast of North Amen- 

ca. Ph.D. Thesis, Scripps Institution of Oceanography, La Jolla, Calif., 212 p. 
COAST AND GEODETIC SURVEY. 


1965. U.S. Dep. Commer., Manual of tide observations publ. 30-1. 
DEFANT, A. 
1961. Physical oceanography. Vol. 1, 729 p. Pergamon Press, N.Y. 
DIXON, W. J. 
1975. BMDP Biomedical Computer Programs. Univ. Calif. Press, Los Ang., 
792 p. 


ENFIELD, D. B., and J. S. ALLEN 
1980. On the structure and dynamics of monthly mean sea level anomalies along 
the Pacific coast of North and South Amenca. J. Phys. Oceanogr. 10:557-578. 
GODIN. G. 
1966. Daily mean sea level and short-period seiches. 
43(2):75-89. 


Int. Hydrogr. Rev. 


HICKS, S. D. 
1973. Trends and vanability of yearly mean sea level, 1893-1971. NOAA Tech. 
Memo. NOS-12, 14 p. 
JACOBS, W. C. 
1939. Sea level departures on the California coast as related to the dynamics of the 
atmosphere over the North Pacific Ocean. J. Mar. Res. 2:181-194. 
LaFOND,. E. C. 
1939. Variations of sea level on the Pacific Coast of the United States. J. Mar 
Res. 2:17-29 
LISITZIN, E. 
1974. Sea-level changes. Elsevier Publ. Co., N.Y., 286 p. 
McCREARY, J. 
1976. Eastern tropical ocean response to changing wind systems: with application 
to EI Nino. J. Phys. Oceanogr. 6:632-645. 


MAIXNER, H. V. 
1973. Comparison of predicted and observed tides at Monterey, California. 
Thesis, Naval Postgraduate School, Monterey, Calif. 
MONTGOMERY, R. B. 
1938. Fluctuations in monthly sea level on eastern U.S. coast as related to dynamics 
of western North Atlantic Ocean. J. Mar. Res. 1:165-185. 
NELSON, C. S. 
1977. Wind stress and wind stress curl over the California Current. 
Commer., NOAA Tech. Rep. NMFS SSRF-714, 87 p. 
OSMER, S. R., and A. HUYER. 
1978. Variations in the alongshore correlation of sea level along the west coast of 
North Amenca. J. Geophys. Res. 83:1921-1927. 
PATTULLO, J., W. MUNK, R. REVELLE, and E. STRONG. 
1955. The seasonal oscillation in sea level. J. Mar. Res. 14:88-155. 
REID, J. L.. and A. W. MANTYLA. 
1976. The effect of the geostrophic flow upon coastal sea elevations in the northern 
North Pacific Ocean. J. Geophys. Res. 81:3100-3110. 
REID, J. L.. JR., G. 1. RODEN, and J. G. WYLLIE. 
1958. Studies of the California Current System. Calif. Coop. Oceanic Fish. 
Invest., Prog. Rep. 1956-1958, p. 27-56. 
RODEN, G. I. 
1960. On the nonseasonal variations in sea level along the west coast of North 
America. J. Geophys. Res. 65:2809-2826. 
1963. Sea level variations at Panama. J. Geophys. Res. 68:5701-5710. 
SAUR, J. F. T. 
1962. The variability of monthly mean sea level at six stations in the eastern 
North Pacific Ocean. J. Geophys. Res. 67:2781-2790. 
SKOGSBERG, T. 


M.S. 


U.S. Dep. 


1936. Hydography of Monterey Bay, California. Thermal conditions, 1929- 
1933. Trans. Am. Philos. Soc. 29:1-152. 


STURGES, W. 
1974. Sea level slope along continental boundanes. J. Geophys. Res. 79:825- 


830. 
WYRTKI, K. 
1977. Sea level during the 1972 El Nino. J. Phys. Oceanogr. 7:779-787. 
ZEE, T. G. 
1975. Sea level variations patterns in the Pacific Ocean. M.S. Thesis, Univ. 


Hawaii, Honolulu. 


The dates and times of missing hourly sea level observations at Monterey, Calif. , are listed below. The data series began 21 July 1963 and ended 


31 August 1976. 


1963 

25 Aug. 12AM-4 Sept. 11PM 
28 Sept. 4AM-3 Oct. 6PM 

16 Oct. 9AM-21 Oct. 11AM 


1964 
28 Mar. 12AM-30 Mar. 7PM 


1965 
1 Apr 12AM-1 May 9AM 
1 Sept. 12AM-31 Dec. 11PM 


1966 
1 Jan. 12AM-3 Feb. 3PM 


1969 
20 Sept. 12PM-23 Sept. 3PM 


APPENDIX A.—MISSING HOURLY 
SEA LEVEL DATA 


1970 
6 Oct. 1OPM-8 Oct. 3PM 


1971 
20 Jan. 7PM-23 Jan. 2PM 


1975 

14 Feb. 1PM-18 Feb. 3PM 
22 Oct. 2AM-28 Oct. 11PM 
7 Nov. 1AM-19 Nov. 11PM 


1976 
25 May 1AM-26 May 11PM 


APPENDIX B.—MONTHLY MEAN OCEANIC 
AND ATMOSPHERIC OBSERVATIONS 


This appendix presents graphical plots of monthly means and monthly mean anomalies of various oceanic and atmospheric observations for the 
period 1960 to 1978 at Monterey, Calif. Anomalies were calculated as the difference between a monthly mean and the long term mean (1963-78) 
for the same month. Monthly means are shown as heavy lines and monthly anomalies as light lines. The data are presented in the following 
sequence: 


1) sea level (cm), 

2) adjusted sea level (cm), 

3) surface atmospheric pressure (mb), 

4) meridional wind stress (dynes/cm’; positive northward), 

5) zonal wind stress (dynes/cm’; positive eastward), 

6) offshore/onshore Ekman transport (t/s per 100 m of coastline; positive offshore), 
7) Sverdrup transport (t/s per km; positive northward), 

8) surface salinity (parts per thousand), 

9) sea surface temperature (°C), and 
10) dynamic height (cm). 
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NOAA-NMFS, PACIFIC ENVIRONMENTAL GROUP, MONTEREY. CALIFORNIA 
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NOAA-NMFS. PACIFIC ENVIRONMENTAL GROUP, MONTEREY. CALIFORNIA 
ADJ. SEA LEVEL MONTEREY, CA BY MONTH 
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Abundance of Pelagic Resources Off California 
1963-78, as Measured by an Airborne 
Fish Monitoring Program 


JAMES L. SQUIRE, JR. 


ABSTRACT 


From September 1962 through December 1978 commercial aerial fish-spotter pilots operating off southern 
and central California and northern Mexico, maintained a flight log indicating the geographical areas 
searched and an estimate of the quantity of pelagic species observed. These flight logs were analyzed for quan- 
tities of the various species observed per block area (10’ longitude by 10’ latitude area). Flights were recorded 
as surveying all or a portion of 164,753 block areas. A total of 110,375 block areas were surveyed during the 
day and 54,378 during night operations. An annual index of apparent abundance (arbitrary values) was com- 
puted for each of the major species observed, both for day and night aerial observations from selected geo- 
graphical areas, and for total observations. The index value computed is not directly comparable between 
species. 

During the period of the survey, the apparent abundance index for Pacific sardine, Sardinops sagax caeru- 
lea, declined from 1.03 in 1964 to 0.00 in 1974, and no significant schools have been observed by aerial surveys 
since. The northern anchovy, Engraulis mordax, night apparent abundance index remained relatively constant 
from 1963 to 1969 (2.99-4.35), increased substantially in 1973 to 14.99, then declined by 1978 to a level (1.91) 
near that observed in 1963-69. The day index for Pacific bonito, Sarda chiliensis, declined to a low level in 1968- 
69 (0.43-0.26), increased in 1972 to 1.11 (a year of above average sea surface temperature), and in subsequent 
years declined again to a low level (+0.1). Pacific mackerel, Scomber japonicus, population biomass was 
apparently low in 1962 at the start of the surveys, and continued to decline to very low night abundance levels 
during 1967-75 (undefined range of 0.00 to 0.03). In 1976 a small increase in the overall apparent index was 
recorded. By 1977 the night index had increased to 2.62, and in 1978 it again increased to a high level of 7.46. 
Jack mackerel, Trachurus symmetricus, showed a declining abundance index value during 1969-75 (0.66-0.40). 
A small increase in the night index apparent abundance was noted in 1976, and in 1977 the night index 
increased to 2.77. In 1978 it then increased about 1.5 times to a record high of 4.20. 

Downward trends in apparent abundance indexes were noted 1 to 2 yr in advance of declines in the 
commercial catches for northern anchovy and Pacific bonito. Limitations of collected nonrandom data and 
variations in sightings and school size estimation between pilots are discussed. The apparent abundance 
indexes obtained from aerial surveys are compared with measures from larval and acoustical surveys. 

A rank correlation analysis was made to measure the agreement between independent estimates of north- 
ern anchovy spawning biomass, larval index, and aerial index. Significant correlations were found for the aer- 
ial and acoustical survey indices of 1972-78 for the northern anchovy (r,=0.810, significant at the 0.05 level). 
During this period only three larval surveys were conducted, insufficient to calculate correlation. For earlier 
data, 1962-66 and 1968-69, larval vs. aerial index gave a poor correlation (+0.30). A significant correlation 
was evident for Pacific mackerel aerial index vs. spawning biomass index (r,= 1.00). 


INTRODUCTION 


the spotter pilots is used as an aid in fishing 


, the efficiency of the 


The Southwest Fisheries Center, National Marine Fisheries Serv- 
ice (NMFS), initiated an aerial pelagic fish monitoring program in 
1962 with the cooperation of fish-spotter pilots active in locating 
fish for the central and southern California commercial purse seine 
fishery. The program utilized the services of the aerial fish-spotter 
pilot as a spin-off from their major occupation. The objective of the 
monitoring program was to measure and evaluate the apparent 
abundance of pelagic near-surface schooling fishes. 

It was originally hypothesized that basic sighting data for the var- 
ious species—tonnage estimates, or numbers of schools and their 
individual tonnage estimates, compared with search effort—would 
provide a measure of the relative apparent abundance of each spe- 
cies within a fishing area. Such information would be useful in 
assessment of the available stocks. Since sighting information from 


Southwest Fisheries Center La Jolla Laboratory, National Marine Fisheries Serv- 
ice, NOAA, La Jolla, CA 92038. 


pilot in locating schools and sometimes directing the setting of the 
purse seine has affected the catch per effort of the purse seiner. 
Therefore, aerial spotter data may be more useful than fishing ves- 
sel records for detecting changes in abundance of intensively fished 
species. The aerial fish-spotter also records the abundance of 
pelagic species which may not currently be targeted upon by the 
fishery. Aerial survey data, therefore, can be particularly useful in 
evaluating underutilized pelagic near-surface schooling resources. 
The first report on the results of the program (Squire 1972) 
reviewed trends in apparent abundance for data collected from 1962 
through 1969. This review updates these data through 1978 using 
the same analytical methods. Since publication of the first review, 
considerable changes in the apparent abundance levels of some 
pelagic species has occurred. The species of interest to this program 
are all members of a complex, interacting coastal ecosystem, and 
these data may assist in better defining changes in abundance levels 
over time which occur within the coastal pelagic resources com- 
plex. For a definition of terms used such as abundance, apparent 
abundance, and relative apparent abundance, see Marr (1951). 


The fish species most commonly observed by the commercial 
fish-spotters while operating off central and southern California, 
and northern Baja California, Mexico, are the northern anchovy, 
Engraulis mordax; jack mackerel, Trachurus symmetricus; Pacific 
bonito, Sarda chiliensis; Pacific mackerel, Scomber japonicus; 
Pacific sardine, Sardinops sagax caerulea; and bluefin tuna, Thun- 
nus thynnus. Other species such as Pacific barracuda, Sphyraena 
argentea, yellowtail, Seriola lalandei, white seabass, Atractoscion 
nobilis, and albacore, Thunnus alalunga, are observed by the 
pilots, and are sometimes caught by the commercial fleet with the 
aid of aerial spotters. Other animals such as the basking shark, 
Cetorhinus maximus, mammals (whales and porpoise), and inver- 
tebrates (squid—Loligo opalescens), have been observed and 
recorded. A total of 20 species of fish have been observed and 
recorded by the spotter pilots (Squire 1972). 


METHODS 


Commercial aerial fish-spotters have recorded flight tracks and 
fish school tonnage estimates for the program since the fall of 1962; 
1963, however, was the first complete year of data. The pilots in the 
program are full-time professional commercial fish-spotter pilots. 
Participating pilots under contract were advised that all sightings of 
schooling fish were to be reported. A total of 15 pilots have partici- 
pated in the program. Observation quality has remained relatively 
stable since the pilots who have made the major contributions to the 
program have participated in it throughout its 16-yr period. There 
has been no attempt to intercalibrate the pilots. The only data gap in 
the program is for the second half of 1970 (July through Decem- 
ber), when contracts for observation data were cancelled. 

For a review of the methods and procedures for obtaining and 
processing the flight log observation data, and for results of the 
program for the period 1963-69, see Squire (1972). Caruso* 
described by details of computer coding of the aerial observations 
for future analysis. The general procedure for recording fish sight- 
ing observations on flight log charts has not changed from that 
described by Squire (1972). In 1974 flight log charts were added to 
cover the northwest coast of Baja California, Mexico. With the 

2Caruso, J. 1979. Aerial marine resources monitoring system. Data Coding Man- 
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addition of charts for the area south of the United States-Mexico 
border, pilots recorded observation sighting data for summer flights 
in search of bluefin tuna. The borders of 10’ longitude x 10’ lati- 
tude “block areas” and associated “block numbers” were printed 
on the charts to expedite data coding. The “block areas” referred to 
are identical to the California Fish and Game statistical grid sys- 
tem. The area from Half Moon Bay, Calif., to Cedros Island, Baja 
California, Mexico, has six flight log charts. Divisions of this area 
into “block areas,”” which were later combined into larger grouped 
“zones” lettered A through T, are shown in Figure 1. 

Pilots recorded their flight paths and school sightings on the 
appropriate charts. Aerial spotter data was analyzed by using sum- 
maries of the number of block areas entered into by the pilots as a 
measure of observation effort and tonnage estimates of fish. 

Approximately 40,000 flight hours of observations were 
recorded. A total of 164,753 block areas or portions of block areas 
were surveyed: 110,375 (67%) during the day and 54,378 (33%) 
during the night (Table 1). A graph of each year’s day, night, and 
total observation effort is given in Figure 2. 

From 1962 to 1978, no natural changes in the survey area 
occurred that could be classed as atypical. However, one unusual 
event did occur that had a severe local impact and affected the 
observation of near-surface pelagic species. In late January 1969, a 
large release of crude oil occurred in the Santa Barbara Channel 
area. The oil release continued in varying quantities for some 
months afterward, and affected fishing and aerial fish-spotting 
Operations in the eastern half of the Santa Barbara Channel and 
around the Channel Islands. Since this was an area where concen- 
trations of anchovy, jack mackerel, and Pacific bonito were previ- 
ously observed by the aerial spotters and fished by commercial 
seiners, the oil contamination resulted in a temporary cessation of 
fishing. During the months when the surface crude oil spill was a 
problem, however, frequent aerial surveys of the Santa Barbara 
Channel and Islands area were made by the Union Oil Company, 
using an aerial spotter pilot who was participating in the NMFS 
program. Data from these observations were recorded in the same 
format as the NMFS pelagic fish program and made available to the 
NMEFS for analysis. 

Flight log data represent a sample estimate of the apparent abun- 
dance of pelagic species schooling in the near-surface layers of the 
areas surveyed. The selection of flight tracks was nonrandom, 


Table 1.—Observation effort off California for pelagic commercial fish (day/night) in units 
of block area overflights by zone. 


Zone 1962-65 1966-69 1970-73 1974-78 Total 

A 443/310 1,271/38 14/0 22/0 1,750/348 

B_ 1,148/600 2,025/113 218/48 180/53 3,571/814 

C  2.098/2,207 6,020/2,053 10,508/3,151 6,213/3,475 24.839/10.886 
D 1,043/1,190 5,023/1,921 5,075/1,503 4,659/3,801 15,800/8,415 

E 151/427 336/287 124/122 743/298 1,354/1,134 

F 40/181 166/316 123/732 381/472 710/1,701 

Gs 1,329/1,512 3,583/3,206 4,222/3,899 7,974/8,369 17,108/16,986 
H_ 1,041/967 1,829/1,556 1,612/2,001 3,156/2,595 7,638/7,119 

1 1,238/510 2,585/1,215 1,178/1,298 3356/1 ,026 8,357/4,049 

J 1,599/626 3,538/749 4,208/211 5.353/726 14,698/2,312 

K 35/0 315/52 932/72 1,796/38 3,078/162 

L 0/0 0/0 1,287/47 5,157/202 6,444/249 

M 0/0 0/0 22/3 43/0 65/3 

N 0/0 0/0 878/0 3,094/165 3,972/165 

10) 0/0 0/0 0/0 0/0 0/0 

P 0/0 0/0 212/0 618/35 830/35 

Q 0/0 0/0 0/0 0/0 0/0 

R 0/0 0/0 0/0 161/0 161/0 


i) 


110,375/54,378 


being determined by past experience regarding the most likely loca- 
tions for sighting schools of various species, real-time information 
from fishing boats and other spotter aircraft, and other recent exper 
ience. The species identification of the schools was determined 
during the day by physical characteristics such as shape or color of 
the fish or school, or by behavior of the fish. During the night, 
identification was made by the bioluminescent characteristics of the 
school’s shape or its behavioral response to a flash of light. Infor 
mation from fishing vessels was sometimes used in determining 
species composition, particularly where “mixed schools” were 
encountered. 

A pilot’s estimate of school tonnage is based on many years of 
observing school size, shape, depth, and quantity as determined by 
catching the fish observed. It is possible to estimate a school’s verti- 
cal depth (distance from top of school to bottom) for schools of the 
larger pelagic species and small schools of such species as the 
northern anchovy. However, for large schools of the smaller forage 
species, the actual depth of the school usually cannot be determined 
from the air. Therefore, information from fishing vessels was fre- 
quently used since they could determine the school’s vertical depth 
using an echosounder. The horizontal shape and area of the school 
could be estimated visually. Aerial spotter pilots are often paid on 
the basis of tonnage caught, so a close check on tonnage taken by 
the purse seiner is important to the pilot. 


SIGHTINGS AND ABUNDANCE INDEX 
TRENDS BY SPECIES 


Geographical Distribution of Fish School and 
School Group Sighting 


Current and historical records, based on catch or fishing boat log- 
book data, give some indication of the location of catch, but only by 
“block area” (a 10’ longitude x 10’ latitude area), which measures 
about 8 x 10 nmi each at the latitude of southern California. A more 
detailed description of individual locations of the center of school 
or school group sightings as observed on each flight (day plus 
night) for the period 1962 through 1978 is given in Figures 4-61. 

An illustration of how the center of sighting was determined is 
given in Figure 3. The dot on the chart is the geographical center of 
the sighting. representing one or more animals or schools observed 
in the area. On some charts having a high density of sightings, an 
overlap or masking may occur, particularly for anchovy. 

Locations of centers of sightings are given for the northern 
anchovy (Figs. 4-11), Pacific sardine (Figs. 14-18), Pacific bonito 
(Figs. 20-27), Pacific mackerel (Figs.30-36), jack mackerel (Figs. 
38-45), bluefin tuna (Figs. 47-49), albacore tuna (Figs. 50 and 51), 
yellowtail (Figs. 52 and 53), Pacific barracuda (Figs. 54 and 55), 
white seabass (Figs. 56 and 57), basking shark (Figs. 58 and 59), 
and squid (Figs. 60 and 61). 

A review of the sighting distribution charts is given in the follow- 
ing sections for those areas having the most sightings. In many 
instances the charts for north of Morro Bay and those below the 
United States-Mexico border are not shown because the observa- 
tion effort was low, or the effort was not expended in areas where 
the species of interest would be commonly observed. For example, 
anchovy charts are not given for the Monterey Bay area because, 
although anchovies have frequently been observed in the area, the 
observation effort since the mid-1950’s has been low. Most of the 
flight observation effort south of the United States-Mexico border 
has been offshore in search of bluefin tuna, and, as a result, 
nearshore areas commonly having schools of anchovies are rarely 
surveyed and are therefore not given. 


During the survey period, the following total number of sightings 
of schools or school groups were made: northern anchovy, 8,720; 
Pacific sardine, 195; Pacific bonito, 3,873; Pacific mackerel, 
1,273; jack mackeral, 3,233; bluefin tuna, 1,314; albacore tuna, 
200; yellowtail, 94; Pacific barracuda, 138; white seabass, 70; and 
squid, 384. The observations of schools or school group for the 
major species observed represent a total tonnage sighted by day and 
night of 43,013,254 t of northern anchovy; Pacific sardine, 
442,644 t; Pacific bonito, 442,644 t; Pacific mackerel 1 364,048 t: 
jack mackerel 1,869,256 t; and bluefin tuna, 507,366 t. 


Apparent Abundance Index Trends 


Day and night indices of apparent abundance for each zone and 
grouped zones have been calculated annually since 1963 for species 
of northern anchovy, Pacific bonito, jack mackerel, Pacific mack- 
erel, Pacific sardine, Pacific barracuda, and yellowtail. Bluefin 
tuna indices have been calculated since 1974. 

In calculating the index value, one of four arbitrary tonnage 
ranges for each species was assigned. These cover the range of 
observed tonnages that might be estimated to occur in any one 
block area. In order to provide a tonnage range value (x) the mid- 
point of each range was divided by 100 for the northern anchovy, a 
species that is observed in larger quantities compared with any oth- 
ers and by 10 for Pacific bonito, jack mackerel, Pacific mackerel, 
Pacific sardine, and bluefin tuna. The midpoint of the tonnage 
range for yellowtail and white seabass was not reduced. The range 
of observed tonnage and resulting x values are given in Table 2. The 


Table 2.—Range of tonnage and tonnage range values 
(X). X is the index value based on the midpoint of the 
observed tonnage/100 (but not for barracuda or yel- 


lowtail). 
Species Observed tonnage xX 
Anchovy 0-400 2 
401-1,000 7 
1,001-10,000 55 
10,001-20,000 150 
Pacific bonito 0-50 235 
51-150 10 
151-1,000 SITES 
1,001-5,000 300 
Jack mackerel 1-50 2.5 
51-300 17.5 
301-1,000 65.5 
1,001-2,000 150 
Pacific mackerel 0-20 1 
21-100 6 
101-250 17.6 
251-500 SS) 
Pacific sardine 0-100 5 
101-500 30 
501-2,000 125 
2,001-4,000 300 
Bluefin tuna 0-50 72S) 
51-250 15 
251-1,000 62.5 
1,001-4,000 250 
Pacific barracuda 0-10 5 
11-30 20 
31-80 55 
81-160 120 
Yellowtail 0-5 25) 
6-10 7.5 
11-30 20 
31-60 45 


following formula was used to calculate annual indices of apparent 
abundance, day and night, by zone and by species: 
UN, X,+NjX,+N;X3+NiX4 

N, 


1 


Index of apparent abundance = 


where N, ,,,=number of block area flights in which the species 
occurred at value X,,, ,, 
X, >; = tonnage range values, 
N,=total number of block area flights in the zone during 
the year. 


The index value, then, represents the relationship between the 
amount of fish observed (tonnage range value—x), divided by the 
amount of search effort (number of block area flights) conducted 
either during the night or during the day. Day and night indices of 
apparent abundance for each zone, and the annual average day/ 
night indices of apparent abundance for all zones, are listed in Table 
3. The boundaries of the zones were selected to outline important 
geographical areas where fish were commonly observed. 

The index trends reviewed here are for the major commercial 
species of northern anchovy, Pacific sardine, Pacific bonito, 
Pacific mackerel, jack mackerel, and bluefin tuna. Apparent abun- 
dance trends for yellowtail and Pacific barracuda, species which 
are primarily targets of the recreational fishery, are given in Table 3 
but are not reviewed here. During the survey period, sightings of 
these species were few, and have been much reduced in recent 
years, with a resultant decrease in indices. 

An analysis of sightings by day or night and of tonnage observed 
(Squire 1972), indicated that the northern anchovy, Pacific mack- 
erel, jack mackerel, and Pacific sardine were observed more fre- 
quently and in greater quantity during the night. Pacific bonito and 
bluefin tuna were observed in greater quantity in the day. The selec- 
tion of the index that is most representative of the apparent abun- 
dance of each species is based on the 1972 study. 

In the following sections, total effort and observations by year 
are shown in graphic displays of day/night index values and U. S. 
fishery catch trends during 1963-78 for each species, along with a 
review of areas of high sighting density during 1962-78. 


Northern Anchovy 


Morro Bay to San Nicolas Island.—1962-65, Fig. 4; 1966-69, 
Fig. 5; 1970-73, Fig. 6; and 1974-78, Fig. 7. 

The sighting effort north of Pt. Conception was greatly reduced 
after the 1962-65 period. Anchovy schools were commonly 
observed off Morro Bay and Avila, the latter area being a location 
where schools were commonly observed. The Santa Barbara coast 
from Gaviota eastward, and into the eastern end of the Santa Bar 
bara Channel, had a high level of anchovy sightings, with the major 
area of sighting located offshore between the cities of Santa Barbara 
and Ventura. In 1974-78, the center of sighting appeared to be 
slightly farther offshore between Santa Barbara and Ventura, but in 
1978, the center of sighting appeared about equidistant between the 
two cities and much nearer shore than observed in previous years. 


Pt. Hueneme to San Diego.— 1962-65, Fig. 8; 1966-69, Fig. 9; 
1970-73, Fig. 10; 1974-78, Fig. 11. 

In 1962-65, anchovy sightings were evenly distributed between 
Pt. Hueneme and Dana Point, in the Catalina Channel, and about 
Catalina Island. Sightings were less frequent south of Dana Point to 
San Diego. From 1966 to 1969, the observations were centered in 


the Catalina Channel and numerous observations were also made 
off the coast from Long Beach to Newport Beach. 


From 1970 to 1973, the major observation areas were again near 
the center of the Catalina Channel, with sightings extending 
northwest from the Channel south of Pt. Dume. 

Sighting occurrences for 1974-78 appeared to “clump” in the 
Catalina Channel area, extending from southeast of Long Beach to 
near Pt. Dume. 1978 sightings were more scattered throughout the 
area, except for high density areas of sightings southeast of Pt. 
Dume. 


Index Trends.—The northern anchovy night index trend (Figs. 
12, 13) was somewhat constant during 1963-69, with an average 
night index level of 3.50. The commercial catch increased sharply 
in 1969 and 1970, then declined in 1972. A period of warm sea sur 
face temperatures which were well above average, occurred from 
August to December 1972 in the northeastern Pacific (Miller and 
Laurs 1975), and anomalous warm temperatures may have affected 
anchovy availability. 

The index rose to 14.99 in 1973, and the commercial catch 
increased to near 117.9 x 10° t. Then, in 1974, a decline in index 
level and catch was evident. In 1975 the index increased to 11.38 
and the catch increased to a record peak of 146.9 x 10° t. The catch 
decreased slightly in 1976 and 1977, then dropped to a very low 
level of about 16.3 x 10° t in 1978. 

The aerial apparent abundance index declined in 1973-78 (see 
inspection fitted average line, Fig. 12), and this downward trend 
preceded the decline of the fishery. In 1975, the peak year of catch, 
the apparent abundance was not as great as it had been in 1973. 
However, sufficient fish were available in 1975, at an index level of 
11.38, to meet the needs of the fishery. The 1978 apparent abun- 
dance index level of 1.91 was slightly below the index levels 
observed during the 1963-69 period. The total catch of anchovy in 
the central stock area, of which the southern California fishery is a 
part, was greater than the catch totals given in Figure 12, due to 
substantial quantities of anchovy landed and processed at 
Ensenada, Baja California, Mexico. 

Night indices observed for the major fishing areas from near 
Santa Barbara to Dana Point, including the Channel Islands and San 
Pedro Channel, are shown in Figure 13. Zones G and H, the Cata- 
lina Channel, and the Catalina/14 mile bank area, were the major 
producing areas, and the highest indices were recorded for these 
areas. In 1978, a season of much reduced catches, the apparent 
abundance index increased for the Santa Barbara coastal area (zone 
C), the only anomalous trend observed. 


Pacific Sardine 


Morro Bay to San Nicolas Island.—1962-65, Fig. 14; 1966- 
69, Fig. 15. 

The Pacific sardine fishery in the Monterey Bay area failed in the 
late 1940's. By the time the aerial monitoring survey program was 
started, little observation effort was being expended along the cen- 
tral California coast north of Morro Bay. In 1962-65, some flights 
were made along the coast from the south, to, and into, Monterey 
Bay. A few sardine schools were sighted in Monterey Bay but most 
were sighted along the coast south of Pt. Sur to Cape San Martin. 
Some schools were sighted from Morro Bay north (Fig. 14). 

The last major catch of sardines off southern California was 
made near San Nicolas Island (lower right corner, Fig. 14), on 
opening day of the season, 1 September 1964. Prior to the season 
opening, aerial spotters estimated a maximum of about 9.1 x 10° t 


of sardines in the area. After the start of fishing, the sardine school 
group, which had been observed in the fishing area for 2 wk or more 
before the season opening, appeared to immediately start migrating 
southeast. After 2 d of fishing and a catch of about 2.7 x 10° t, only a 
few additional tons were taken in the San Nicolas Island area. During 
1966-69 (Fig. 15), only a few small schools were sighted along the 
coast off Morro Bay, Avila, and Santa Barbara. 


Pt. Hueneme to San Diego.— 1962-65, Fig. 16; 1966-69, Fig. 
17; 1970-73, Fig. 18. 

During 1962-65, sardines were most frequently sighted in the 
San Pedro Channel south of Los Angeles Harbor, and near Catalina 
Island. In 1966-69, only six sightings were recorded off the Los 
Angeles area and southwest of San Clemente Island. The 1970-73 
chart shows a small number of sightings off La Jolla, near San 
Diego. Since 1974, the aerial spotters have not sighted any individ- 
ual schools of sardines. 


Index Trends.—The pelagic resource aerial monitoring program 
was started after the major decline in sardine abundance occurred. 
However, the aerial index gives an insight into the last declining 
years of a once major resource (Fig. 19). In 1964, the catch was 
only about 6.4 x 10° t and the night index value was about 1.00; it 
was the last year sardines were caught in any quantity off southern 
California. In 1965, the index level declined to a very low level and 
has remained at a 0.00 level since. No individual schools of sar 
dines have been recorded since 1973. 


Pacific Bonito 


Morro Bay to San Nicolas Island.—1962-65, Fig. 20; 1966- 
69, Fig. 21; 1970-73, Fig. 22; 1974-78, Fig. 23. 

The geographical distribution of Pacific bonito sightings in this 
area changed little during the survey period. They were frequently 
sighted along the coast from east of Pt. Conception to near Ventura, 
around Anacapa Island, Santa Cruz Island, and near the southeast 
side of Santa Rosa Island. They were more frequently observed 
along the south side of Santa Cruz Island. During 1974-78, the fre- 
quency of sightings decreased, but the general distribution of sight- 
ings remained the same. 


Pt. Hueneme to San Diego.—1962-65, Fig. 24; 1966-69, Fig. 
25; 1970-73, Fig. 26; 1974-78, Fig. 27. 

The geographical distribution of sightings changed little in this 
area from 1962 to 1978. As in the case of the northern anchovy, the 
distribution pattern of Pacific bonito since the mid-1960’s has 
become more restricted, with sightings being found closer to the 
mainland coast and islands. The frequency of sightings peaked dur- 
ing 1966-69, with the major sighting area being from the Coronado 
Islands, Mexico, to Dana Point. In 1970-73, however, they were 
more commonly observed off San Diego. Sightings of Pacific 
bonito were fewer in number during 1974-78, and the 1978 sight- 
ings were primarily off Dana Point, Newport Beach, and Pt. 
Dume. 


Index Trends.—Pacific bonito increased in abundance off Cali- 
fornia during the warm years of 1957-58 and was fished lightly 
between that time and 1965. Due to decreases in the availability or 
abundance of the Pacific sardine, Pacific mackerel, and jack mack- 
erel, Pacific bonito became a target species. Catches off California 
more than doubled between 1965 and 1966, peaking with a catch of 
about 9.2 x 10’ t. 


The day apparent abundance index (Fig. 28) remained at an aver- 
age level of 1.44, 1963-67, then decreased sharply to 0.43 in 1968. 
and to 0.26 in 1969. The catch declined about one-third during this 
period. No data was availaole for June-December 1970, but the 
first half-year data (normally low) indicated few schools were 
observed. The index increased to a peak of 1.11 in 1972, possibly 
due to an anomalous warm period in the northeastern Pacific dur 
ing the summer and fall of 1972, which may have caused an 
increased migration of Pacific bonito into southern California from 
off northwestern Mexico. The index declined sharply in 1973 to 
0.39, while catches off California increased to a level of about 
8.2 x 10° t. The day index continued to decline over the years 1973- 
78 to a very low level, 0.12. Catches declined sharply in 1975 to 
the 1.8 to 2.7 x 10° t level and remained low, with a California catch 
of 1.2 x 10’ t reported in 1978. 

The major sighting areas for Pacific bonito (Fig. 29) were the Santa 
Barbara coast and Channel Islands (zones C and D) and the coastal area 
from near San Diego to Dana Point (zone J). The south coastal zone (J) 
had high index levels in 1963 and 1966 (record high for any one area) 
through 1971. The Santa Barbara coast and Channel zone (C) was the 
high index area for 1964, 1965, 1972, 1974, and 1975. Since 1972, 
index values for all areas declined to the low levels observed in 1977. 
In 1978, the night index increased to 0.94 as Pacific bonito were 
observed in greater quantities at night than during the day, a situation 
that occurred only in one other year, 1973. 


Pacific Mackerel 


Morro Bay to San Nicolas Island.—1962-65, Fig. 30: 1966- 
69, Fig. 31; 1974-78, Fig. 32. 

In the area of Morro Bay to San Nicolas Island, Pacific mackerel 
were commonly sighted in the Santa Barbara Channel area and 
about the Channel Islands during 1962-65. Concentrations were 
sighted along the coast from east of Pt. Conception to near Ventura, 
with a center of sighting near Santa Barbara. Some schools were 
sighted along the north coast of Santa Cruz Island and the south side 
of Anacapa, and on the north side of San Nicolas Island. During 
1966-69, only 21 schools or school groups were sighted, most of 
which were along the Santa Barbara coast. No schools were 
recorded for 1970 and 1974, but in 1977 and 1978, Pacific mack- 
erel schools were again sighted about the Santa Barbara Channel 
Islands in large numbers, as shown on the 1974-78 charts. Between 
1974 and 1977, 54 schools or school groups were recorded: in 
1978, 74 were sighted. 

Duming the 1962-65 period which preceded the decline of the Pacific 
mackerel resource to a very low level, most schools were sighted most 
frequently along the Santa Barbara coastline, and less frequently 
around Santa Cruz and Anacapa Islands. In contrast, during 1977 and 
1978, only 11 schools or school groups were sighted along or near the 
Santa Barbara coast, while 117 schools or school groups were sighted 
off the north and southeast coasts of Santa Cruz Island and about Ana- 
capa Island, indicating a shift in distribution pattern from the coast to 
about the Santa Barbara Channel Islands. 


Pt. Hueneme to San Diego.—1962-65, Fig. 33; 1966-69, Fig. 
34; 1970-73, Fig. 35; 1974-78, Fig. 36. 

During 1962-65, the principal centers of sighting were around 
the east end of Catalina Island, and south of Long Beach. Pacific 
mackerel were also sighted at scattered locations along the coast 
from San Diego to Pt. Hueneme, and around San Clemente Island, 
Santa Barbara Island, and Cortez Bank. Few schools or school 
groups were sighted during 1966-69 or 1970-74, but a substantial 


Table 3.—Annual indices of abundance for day and night observations. A dash (-/-) indicates no flight observations in the zone, 0.00 indicates observation effort in 


four places. 
1970 
Zone 1962 1963 1964 1965 1966 1967 1968 1969 (Jan. thru June) 
NORTHERN ANCHOVY 
A 0.51/1.22 10.98/13.28 0.80/7.32 2.51/2.48 2.02/ 6.33 1.15/- 0.2820/- 0.00 /0.00 -/- 
B 3.25/3.18 6.17/13.02 4.08/3.08 1.85/5.75 0.29/15.31 0.28/ 0.30 0.7346/- 0.0317/0.00 0.0714/- 
Cc 0.05/0.99 0.40/ 2.70 0.90/2.85 1.82/8.63 0.27/ 2.79 2.91/ 3.03 0.0476/1.7637 0.8769/1.9387 0.3240/ 0.6387 
D 0.00/2.97 1.24/10.02 0.23/4.75 0.48/3.67 0.14/ 6.73 0.63/ 5.12 0.0453/3.2438 0.4124/1.9662 0.0300/ 0.8163 
E -/0.00 0.00/ 1.05 0.00/3.14 0.00/0.12 1.09/ 0.23 3.15/ 0.11 0.1881/0.1284 0.3218/0.6701 0.6666/ 0.00 
ES -/0.00 3.66/ 1.71 5.75/0.37 0.00/0.58 0.00/ 2.61 0.00/ 0.00 0.00 /0.6000 0.00 /0.00 -/ 0.00 
G -/1.00 0.51/ 1.81 0.54/6.21 1.42/3.23 2.24/ 1.78 2.40/ 8.32 0.5518/2.1056 5.0145/3.5780 31.7112/17.5166 
H [- 0.14/ 0.12 0.38/1.00 0.05/1.90 2.28/ 1.43 5.45/ 1.60 0.6469/0.5820 6.3597/3.2604 17.9724/ 0.9949 
I -/- 0.14/ 0.00 0.05/0.11 0.02/0.34 0.28/ 2.53 2.87/ 0.71 0.1801/0.2116 0.7862/0.4971 0.00 / 0.8288 
J -/- 0.78/ 0.67 0.85/6.08 0.00/8.00 0.45/ 1.55 0.16/20.16 0.5282/1.1156 0.5536/3.3989 1.6282/46.5483 
K -/- 0.00/- 0.00/- 0.00/- 0.00/ 0.22 0.00/ 0.70 2.4400/0.0625 0.00 /0.00 -/- 
ib, 
M 
N 
oO 
P 
Average 
all 
zones 1.79/1.99 1.64/2.99 1.03/3.90 0.96/4.18 0.84/3.62 1.78/4.30 1.3274/1.4599 — 1.3043/4.3562 6.6325/8.8341 
Average 
D+N 2.54 0.7183 2.4393 
PACIFIC BONITO 
A 0.00/0.00 0.00/0.00 0.50/0.00 0.00/0.00 0.04/0.00 0.07/- 0.0099/- 0.00 /0.00 -/- 
B 0.01/0.00 0.00/0.01 0.06/0.01 0.02/0.00 0.43/0.00 0.01/0.00 0.00 /- 0.00 /0.00 0.00 /- 
Cc 0.62/0.25 3.63/1.51 2.40/0.82 2.18/0.40 1.38/0.83 0.51/1.02 0.3617/1.3603 0.2994/0.2715 0.00 /0.0806 
D 0.83/0.63 0.65/1.88 1.40/0.12 0.85/0.10 1.27/0.54 0.38/0.80 0.5285/0.1549 0.2433/0.2300 0.0057/0.5867 
E -/0.00 0.02/1.15 0.50/0.00 6.81/0.00 4.30/0.00 0.00/0.00 0.00 /0.0229 0.00 /0.00 0.00 /0.00 
F -/0.00 0.00/0.00 0.43/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 -/0.00 
G -/0.00 0.31/0.37 0.30/0.00 0.50/0.01 1.19/0.16 0.67/0.39 0.1196/0.1302 0.1258/0.1666 0.0048/0.00 
H /- 0.85/0.22 2.12/0.53 2.06/0.32 0.03/0.00 0.00/0.02 0.6805/0.2398 0.0907/0.0607 0.0689/0.0761 
I - 0.00/0.45 3.46/0.54 0.40/0.13 0.06/0.02 0.12/0.00 0.0275/0.0330 0.0203/0.0574 0.00 /0.1801 
J - 3.67/0.23 1.10/0.06 1.71/0.46 4.96/0.11 3.27/0.12 1.7038/0.6872 0.6464/0.0518 0.00 /0.00 
K - 0.13/- 0.00/- 0.00/- 0.00/0.00 45.73/0.00 0.2666/0.00 0.7547/0.00 -/- 
L 
M 
N 
oO 
P 
Average 
all 
zones 0.23/0.19 1.62/0.68 1.62/0.28 1.26/0.19 1.34/0.35 1.35/0.34 0.4325/0.3477 0.2682/0.1815 0.0059/0.1000 
Average 
D+N 1.05 0.4032 0.2359 
JACK MACKEREL 
A 0.00/0.08 1.81/ 0.00 8.32/2.89  0.78/ 1.67 4.29/25.72 0.81/- 0.9153/- 0.0290/ 0.00 -/- 
B 0.02/0.00 3.48/ 1.37 6.65/6.67 1.03/ 1.22 0.74/ 8.78 0.78/ 1.34 0.6966/- 0.00 / 0.00 0.00 /- 
Cc 1.59/0.45 0.96/ 0.49 0.83/0.56 0.14/ 0.33 0.06/ 0.03 0.04/ 0.33 0.1319/ 0.0238 0.1150/ 0.1725 0.3065/ 0.3225 
D 0.00/1.45 1.79/13.77 36 1.44/ 1.40 0.24/ 1.62 0.41/ 0.24 0.2064/ 0.1962 0.1544/ 0.3300 0.0607/ 0.1785 
E -/0.00 0.27/ 4.7 0.72/ 1.55 0.16/ 7.38  0.00/ 2.15 0.2475/ 4.0917 0.00 / 4.4175 0.00 / 0.00 
F -/2.91 11.16/39.70 0.00/17.41 0.00/27.91 0.00/38.84 10.8714/27.7731 3.5696/13.0833 -/12.3148 
G = [= 1.23/ 1.76 0.02/ 0.29 0.00/ 1.05 0.00/ 0.10 0.0239/ 0.0072 0.1394/ 0.2673 0.0339/ 0.0119 
H 0.56/ 1.34 0.71/ 0.43 0.04/ 2.18  0.01/ 0.33 0.00 / 0.2665 0.00 / 0.5998 0.0172/ 0.3045 
I off 2aleS?53. 1.35/ 0.75 0.19/ 2.37 0.04/ 3.27 0.0045/ 1.2764 0.0489/ 1.5833 0.4090/ 0.7432 
J = 0.67/ 0.54 0.86/ 0.96 0.00/ 0.06 0.00/ 0.03 0.0855/ 1.0799 0.0616/ 0.3058 0.6410/ 2.1129 
K aE 0.00/- 0.00/- 0.00/ 0.00 0.00/ 1.75 0.00 / 1.0937 0.00 / 0.00 -/- 
L 
M 
N 
10) 
P 
Average 
all 
zones 0.51/0.46 .41/2.98 1.62/2.18 0.71/1.36 0.28/1.94 0.20/1.41 0.3044/2.2488 0.1119/0.6562 0.1648/0.5843 
Average 
D+N 0.56 0.9754 0.3143 


zone but no fish sighted. Indices given as day/night. 1962 to 1967 data inconsistent regarding number of decimal places, all to two places plus; after 1968 all carried to 


1971 1972 1973 1974 1975 1976 1977 1978 

-/- -/- 0.2857/- 0.00 /- -/- -/- -/- -/- 
0.2592/0.00 0.00 /0.00 1.1111/ 7.6222 0.00 /- 0.1250/ 0.00 0.00 / 0.3030 0.304 /0.00 0.00 /- 
0.6580/3.0459 0.8916/1.9063 0.5449/ 8.0520 0.2983/ 7.1637 4.1790/ 5.3511 3.6930/ 4.0366 4°23), (2.913 0.3478/8.3585 
0.1368/2.1839 0.3668/0.7927 1.8384/ 1.7935 1.4139/ 5.2212 1.6621/ 4.0351 1.2133/ 4.1187 4.678 /6.34 7.5962/1.9864 
0.2295/0.00 0.00 /0.1346 0.1200/ 0.00 0.7010/ 0.00 0.00 / 0.00 0.00 / 0.00 0.00 /0.054 0.8298/0.00 
0.00 /0.00 0.00 /0.0674 16.2553/ 0.00 6.3235/ 1.3113 0.00 / 0.00 0.00 / 0.00 0.00 /0.00 0.00 /0.00 
6.5099/8.7620 5.7211/3.5333 8.0516/25.7464 7.5068/11.3228 10.9772/18.1811 3.3894/ 8.4065 3.794 /6.6817 1.3494/1.1229 
3.1002/1.1379 0.7711/0.0522 6.5606/18.8580 4.7102/ 6.8398 1.4856/ 2.0287 2.2903/ 3.0512 1.408 /2.059 1.3961/0.1747 
0.3917/0.1228 0.5371/0.1363 2.1185/ 7.2598 0.3564/ 2.6627 0.2514/ 0.00 0.00 / 0.8730 0.4216/0.1498 1.6298/0.5993 
0.7907/0.0555 1.5934/0.00 0.4207/ 9.2647 1.3235/ 0.1707 0.9050/ 1.3255 0.4436/10.0188 1.3015/2.253 2.3155/0.0354 
0.00 /- 0.00 /0.00 0.2732/ 0.00 0.1403/ 4.0588 0.00 /- 0.00 / 0.0952 0.028 /- 0.8249/- 

0.1996/ 0.00 0.00 /- 1.3075/- 0.0080/ 0.0615 0.1430/2.307 3.1106/- 

0.00 / 0.00 0.00 /- 0.00 /- 0.00 /- 0.00 /- 0.00 /- 

0.00 /- 0.3216/- 0.00 /- 0.3265/ 0.00 0.9308/0.6909 0.00 /- 

-/- 0.00 /- -/- -/- -/- -/- 

0.1273/- 0.00 /- 0.00 /- 0.0293/ 0.00 2.765/0.2413 0.00 /- 

1.1893/2.3107 1.3155/1.4058 2.4401/14.9912 2.0443/7.9060 3.9212/11.3889 1.5046/5.3696 2.1849/4.639 2.0742/1.9153 
1.5962 1.3486 5.8869 3.8738 6.0923 2.2800 3.4003 2.0118 
-/- -/- 0.00 /- 0.00 /- -/- -/- -/- -/- 
0.00 /0.00 1.7808/0-00 0.5158/0.00 3.5294/- 0.00 /0.00 0.00 /0.00 0.00 /0.00 -/- 
0.1971/0.8846 2.0008/0.6135 1.0244/0.9090 0.8467/1.0172 0.4319/0.00 0.2324/0.0076 0.1741/0.00 0.1085/0.00 
0.1732/0.0324 0.4746/0.1506 1.3562/0.8664 0.0776/0.0075 0.4005/0.0067 0.1595/0.00 0.00 /0.00 0.00 /1.9514 
0.0409/0.00 0.00 /0.061 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.008 /0.0253 0.00 /0.00 
0.1627/0.0094 0.0036/0.0031 0.1318/0.0707 0.0043/0.0098 0.0014/0.0035 0.0118/0.00 0.0109/0.00 0.1039/0.6735 
0.00 /0.0029 0.00 /0.0672 0.0220/0.0453 0.0051/0.0188 0.00 /0.00 0.0067/0.00 0.0109/0.00 0.00 /0.0075 
0.0128/0.00 0.00 /0.0239 0.0098/0.0196 0.0166/0.00 0.00 /0.00 0.0129/0.00 0.00 /0.5381 0.00 /0.0177 
2.6452/0.8333 0.0102/0.00 0.8039/0.0490 0.3975/0.00 0.0035/0.00 0.1817/0.00 0.1020/0.053 0.8451/6.2247 
0.2857/- 0.00 /0.00 0.00 /0.00 0.0054/0.00 0.00 /- 0.00 /0.00 0.00 /- 0.00 /- 
0.1068/0.00 0.0710/0.00 0.00 /- 0.0013/0.00 0.00 /0.00 0.00 /- 
0.00 /0.00 0.00 /- 0.00 /- 0.00 /- 0.00 /- 0.00 /- 
0.0056/- 0.1444/0.00 0.00 /- 0.00 /0.00 0.00 /0.00 0.00 /- 
-/- 0.00 /- -/- -/- -/- -/- 

0.00 /- 0.00 /- 0.8928/- 0.00 /0.00 0.00 /0.00 0.00 /- 
0.5530/0.1516 1.1171/0.1993 0.3944/0.3902 0.2492/01775 0.0860/0.0027 0.0748/0.0021 0.0390/0.0386 0.1268/0.9380 
0.4073 0.7807 0.3932 0.2268 0.0608 0.0602 0.0388 0.4455 

-/- -/- 0.00 /- 0.00 /- -/- -/- S -/- -/- 
0.00 / 0.00 0.00 /0.00 0.00 /0.00 0.00 /- 0.00 / 0.00 0.00 /0.00 0.00 / 0.00 -/- 
0.0267/ 0.0600 0.0024/0.0050 0.0018/0.00 0.00 /0.0948 0.00 / 0.0413 0.00 /1.4669 0.0223/ 0.5589 0.0089/ 0.00 
0.0632/ 0.0216 0.0071/0.2349 0.00 /0.00 0.0032/0.0151 0.00 / 0.0067 0.3110/1.2332 0.2959/ 3.1454 0.1687/ 1.8643 
0.00 / 5.4017 0.00 /0.0961 0.00 /0.00 0.00 /6.1830 0.00 / 0.6250 0.00 /0.00 0.00 / 1.3949 0.00 / 0.9315 
3.3700/10.4297 0.00 /6.4061 0.3723/0.6862 1.3088/3.3473 0.00 /37.5000 0.7614/4.0483 0.00 /27.2615 9.1818/14.6290 


0.0180/ 0.1581 0.0036/0.0534 0.0156/0.0415 0.0172/0.0984 0.00 / 0.0172 0.0768/0.1725 0.3359/ 1.5846 2.4415/ 4.9477 
0.00 / 1.3275 0.00 /0.3417 0.00 /0.0075 0.0357/0.1190 0.2396/ 2.0881 0.0271/1.5528 0.2008/ 3.6547 2.3239/10.8547 
0.0128/ 1.1978 3.5087/0.3480 0.00 /1.0669 0.0367/0.9224 0.6814/ 5.7410 0.1077/1.6349 0.7458/ 0.7779 5.2704/ 1.8989 


0.0148/ 0.00 0.0205/0.00 0.0012/0.00 0.0051/0.00 0.00 / 0.00 0.1362/0.00 0.1275/ 0.2298 0.00 / 0.00 
0.00 /- 0.0641/0.00 0.0206/0.00 0.00 /0.00 0.00 /- 0.00 /0.00 0.0354/- 0.00 /- 
0.00 /0.00 0.00 /- 0.00 /- 0.00 /0.00 0.00 / 0.00 0.00 /- 
0.00 /0.00 0.00 /- 0.00. /- 0.00 /- 0.00 /- 0.00 /- 
0.00 /- 0.00 /- 0.00 /- 0.00 /0.00 0.00 / 0.00 0.00 /- 
qe 0.00 /- -/- -/- -/- 0.00 /- 
0.00 /- 0.00 /- 0.00 /- 0.00 /0.00 0.00 / 0.00 0.00 /- 

0.0449/0.9225 0.1325/0.7388 0.0066/0.0603 0.0274/0.4350 0.0761/0.4013 0.0817/0.8735 0.1944/2.7751 1.1847/4.2077 

0.3633 0.6983 0.0213 0.1546 0.1708 0.2406 1.4726 2.3724 


Table 3.—Continued. 


Zone 1962 
PACIFIC MACKEREL 
A 0.00/ 0.00 
B 0.30/ 0.03 
Cc 0.00/ 3.15 
D 0.50/ 0.30 
E -/ 3.75 
F -/ 0.00 
G -/18.75 
H -/- 
I -/- 
J -/- 
K -/- 
IE, 
M 
N 
oO 
P 
Average 
all 
zones 0.17/1.26 
Average 
D+N 
PACIFIC SARDINE 
A 0.00/ 0.00 
B 0.05/ 2.13 
(ce 0.04/ 0.00 
D 0.00/ 0.28 
E -/12.50 
F 0.00 
G -/ 0.00 
H aye 
I 
J 
K 
L 
M 
N 
oO 
P 
Average 
all 
zones 0.04/1.00 
Average 
D+N 


PACIFIC BARRACUDA 


FAS SK ZTOMNMMOASS 


Average 
all 
zones 


Average 
D+N 


0.00/0.00 
0.00/0.00 
0.00/0.00 
0.00/0.00 
-/0.00 
-/0.00 
-/0.00 


0.00/0.00 


1963 1964 1965 1966 1967 1968 1969 
0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/- 0.00/- 0.00/0.00 
0.00/1.56 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/- 0.00/0.00 
0.23/0.37 0.03/0.30 0.04/0.28 0.01/0.35 0.00/0.00 0.00/0.00 0.00/0.00 
1.41/2.20 0.49/0.23 0.05/0.08 0.00/0.01 0.00/0.00 0.00/0.00 0.00/0.00 
0.43/0.67 0.02/0.74 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.0366 0.00/0.00 
5.40/6.59 3.15/3.62 0.00/0.23 0.00/2.95 0.00/0.00 0.00/0.0051 0.00/0.00 
0.79/0.46 0.78/0.13 0.00/0.44 0.00/0.04 0.00/0.00 0.00/0.00 0.00/0.00 
2.19/1.62 0.14/0.36 0.00/0.02 0.00/0.02 0.00/0.00 0.00/0.0042 0.00/0.0347 
0.76/0.40 0.01/0.53 0.00/0.11 0.00/0.09 0.00/0.02 0.00/0.00 0.00/0.0402 
0.83/1.44 0.75/0.29 0.00/0.36 0.00/0.06 0.00/0.00 0.00/0.00 0.00/0.00 
1.94/- 0.00/- 0.00/- 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.79/0.91 0.33/0.33 0.01/0.19 0.00/0.14 0.00/0.00 0.00/0.0022 —0.0001/0.0096 

0.0020 0.0007 0.0036 
1.40/3.78 1.22/0.05 0.04/0.00 0.00/0.00 0.00/- 0.00/- 0.00/0.00 
0.31/0.00 0.26/1.63 0.00/0.00 0.00/0.38 0.00/0.00 0.00/0.00 0.00/0.00 
0.02/0.00 0.00/0.05 0.07/0.02 0.00/0.00 0.00/0.03 0.00/0.00 0.00/0.00 
0.07/2.36 0.23/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
2.22/0.83 1.75/7.87 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00/0.00 13.47/1.62 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 -/0.00 
0.08/0.30 0.17/0.13 0.03/0.00 0.00/0.09 0.00/0.00 0.00/0.00 0.00/0.00 
0.06/0.67 0.00/2.27 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.0213 0.00/0.00 
0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.02 0.00/0.00 0.00/0.00 0.00/0.00 
0.12/0.05 0.22/0.01 0.00/1.09 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00/- 0.00/- 0.00/- 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.22/0.50 0.27/1.03 0.02/0.05 0.00/0.04 0.00/0.0078 — 0.00/0.0022 0.00/0.00 

0.0023 0.0007 0.0000 
0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/- 0.00 /- 0.00 /0.00 
0.00/0.00 0.00/0.00 0.00/0.00 0.24/0.00 0.00/0.00 0.00 /- 0.00 /0.00 
0.34/0.43 0.45/0.48 0.25/0.00 0.02/0.00 0.02/0.00 0.0382/0.0119 0.0422/0.00 
0.00/0.00 0.00/0.01 0.00/0.00 0.01/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 
0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 
0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 
0.00/0.11 0.00/0.00 0.02/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 
0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.11/0.00 0.00 /0.00 0.00 /0.00 
0.15/0.00 0.00/0.31 0.40/0.00 0.02/0.00 0.01/0.00 0.00 /0.00 0.0016/0.00 
0.04/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.0429/0.00 
0.00/- 0.00/- 0.00/- 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 
0.08/0.15 0.08/0.12 0.10/0.00 0.03/0.00 0.00/0.00 0.0077/0.0016 0.0183/0.00 
0.0035 0.0056 0.0115 


1970 
(Jan. thru June) 


oe 
0.00/0.00 
0.00/0.00 
0.00/0.00 
0.00/0.00 
0.00/0.00 
0.00/0.00 
0.00/0.0050 
0.00/0.0180 
0.00/0.00 

ff 


0.00/0.0028 


de 
0.00 /- 
0.00 /0.00 


_ 0.00 /0.00 


0.00 /0.00 

0.00 /0.00 

0.00 /0.00 

0.00 /0.00 

0.00 /0.00 

0.2564/0.00 
2 


0.0067/0.00 


aS 
0.00 /- 
0.0199/0.00 
0.00 /0.00 
0.00 /0.00 
-/0.00 
0.00 /0.00 
0.00 /0.00 
0.00 /0.00 
0.00 /0.00 
af 


0.0084/0.00 


1971 1972 1973 1974 1975 1976 1977 1978 
ai aE 0.00/- 0.00/- ffs alle ffs =f 
0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 0.00 /0.00 0.00 /0.00 0.00 / 0.00 0.00 /- 
0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 0.006/ 0.021 0.0092/ 0.0658 
0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.0394 0.357/ 1.31 1.1879/ 5.0309 
0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.1292/0.00 0.00 / 0.00 3.4574/23.8452 
0.6744/0.00 0.00 /0.2932 0.00/2.2058 0.00/0.00 0.00 /0.00 0.00 /0.00 0.223/ 8.0 2.7273/18.1452 
0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 0.006/ 0.82 1.1853/ 4.4186 
0.0990/0.1315 0.00 /0.0047 0.00/0.00 0.00/0.00 0.00 /0.00 0.00 /0.00 5.45 / 8.41 9.6584/13.3682 
0.0025/0.0451 0.00 /0.0492 0.00/0.00 0.00/0.00 0.0446/0.00 0.4707/0.00 3.61 /13.89 8.4372/30.2404 
0.0005/0.00 0.0041/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.0068/0.00 0.009/ 0.062 0.6338/ 4.9126 
0.00 /- 0.00 /0.00 0.00/0.00 0.00/0.00 0.00 /- 0.00 /0.00 0.00 /- 0.00 /- 
0.00/0.00 0.00/- 0.00 /- 0.00 /0.00 0.00 / 0.00 0.00 /- 
0.00/0.00 0.00/- 0.00 /- 0.00 /- 0.00 /- 0.00 /- 
0.00/- 0.00/- 0.00 /- 0.00 /0.00 0.00 / 0.00 0.00 /- 
ae 0.00/- off “ye af fe 
0.00/- 0.00/- 0.00 /- 0.00 /0.00 0.00 / 0.00 0.00 /- 
0.0042/0.0028 0.0003/0.0338 0.0000/0.0282 0.00/0.00 0.0035/0.00 0.0285/0.0066 0.907/2.62 2.1831/7.4608 
0.0233 0.0126 0.0077 0.00 0.0025 0.0241 1.754 4.2566 
fe -/- 0.00 /- 0.00/- -/- offs ap ap: 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/- 0.00/0.00 0.00/0.00 0.00/0.00 0.00/- 
0.00 /0.00 0.00 /0:00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /0.1000 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.0207/0.00 0.0205/0.00 0.0102/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.00 /- 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/- 0.00/0.00 0.00/- 0.00/- 
0.00 /0.00 0.00/- 0.00/- 0.00/0.00 0.00/0.00 0.00/- 
0.00 /0.00 0.00/- 0.00/- 0.00/- 0.00/- 0.00/- 
0.00 /- 0.00/- 0.00/- 0.00/0.00 0.00/0.00 0.00/- 
oe 0.00/- fe off: ffs =/2 
0.00 /- 0.00/- 0.00/- 0.00/00.0 0.00/0.00 0.00/- 
0.0030/0.0008 0.0015/0.00 0.019/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 
0.0023 0.0010 0.0013 0.00 0.00 0.00 0.00 0.00 
-/- offe 0.00 /- 0.00 /- ae SE IE Je 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
0.0125/0.00 0.00 /0.00 0.0037/0.00 0.2688/0.00 0.0252/0.00 0.0396/0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.0856/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 0.00 /- 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /0.00 0.00 /0.00 aff 0.0068/0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00 /- 0.00 /0.00 0.00 /- 0.00 /0.00 0.00 /- 0.00 /0.00 0.00/- 0.00/- 
0.00 /0.00 0.00 /- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
0.00 /0.00 0.00 /- 0.00 /- 0.00 /- 0.00/- 0.00/- 
0.00 /- 0.00 /- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
fle 0.00 /- -/- offe =ffe ps 
0.00 /- 0.00 /- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
0.0055/0.00 0.0190/0.00 0.0004/0.00 0.0407/0.00 0.0030/0.00 0.0053/0.00 0.00/0.00 0.00/0.00 
0.0035 0.0120 0.0003 0.0260 0.0021 0.0042 0.00 0.00 


Table 3.—Continued. 


1970 
Zone 1962 1963 1964 1965 1966 1967 1968 1969 (Jan. thru June) 
YELLOWTAIL 
A 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/- 0.00 /- 0.00/0.00 -/- 
B 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.07/0.00 0.00/0.00 0.00 /- 0.00/0.00 0.00/- 
(C 0.00/0.00 0.03/0.04 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
D 0.00/0.00 0.36/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
13 -/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
F -/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.90 0.00/0.00 -/0.00 
G -/0.00 0.00/0.00 0.00/0.00 0.01/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
H -/- 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
I -/- 0.55/0.64 0.13/0.04 0.34/0.07 0.39/0.00 0.09/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
J -/- 0.63/0.10 0.00/0.00 0.16/0.00 0.00/0.00 0.00/0.00 0.0037/0.00 0.00/0.00 0.00/0.00 
K /- 0.00/- 0.00/- 0.00/- 0.00/0.00 0.00/0.00 0.00 /0.00 0.00/0.00 -/- 
L 
M 
N 
O 
\2 
Average 
all 
zones 0.00/ 0.00 0.19/ 0.06 0.01/ 0.00 0.06/ 0.00 0.04/ 0.00 0.00/ 0.00 0.0004/ 0.00 0.00/0.00 0.00/0.00 
Average 
D+N 0.0023 0.0002 0.0000 — 
increase in sightings occurred in this area during 1976-78. In 1976, Jack Mackerel 


11 sightings were made about San Clemente Island, and 3 
northwest of San Diego. In 1977, sightings totaled 210 with con- 
centrations about Catalina and San Clemente Islands, and a small 
group of sightings about Cortez Bank and along the coast near Pt. 
Dume. Most of the increase in numbers of sightings occurred in the 
late summer and fall of 1977. In 1978, 321 sightings were made, 
and were concentrated about the southern California islands, 
including Santa Barbara Island. An increasing number of sightings 
occurred in the Catalina Channel south of Long Beach, and along 
the coast both east and west of Pt. Dume. 


In recent years, Pacific mackerel have been sighted in many of 


the same areas as during the 1962-65 period, the exception being 
that sightings are not as common in the San Diego to Oceanside 
area. 


Index Trends.—The aerial pelagic resource monitoring program 
was started after the major decline of the Pacific mackerel fishery 
had occurred. However, about the time the survey program was 
started (1963), and in the years following, a sequence of severe 
recruitment failures helped reduce the population to a very low 
level (MacCall et al. 1976). The biomass estimate in 1962 was 
about 99.8 x 10° t. By 1963, it had declined to about 54.4 x 10° t, 
and to a level of about 7.3 x 10° tin 1967. A catch moratorium was 
placed on the commercial fishery in 1970. In later years, this was 
modified and catches off California in 1977 and 1978 amounted to 
3.8 and 13.2 10% t, respectively. The night index (Fig. 37) 
declined from about 0.91 in 1963 to 0.00 in 1967 and remained ata 
very low level through an 8-yr period, from 1967 to 1975. The 
catch also declined sharply from 18.1 10% t in 1963 to about 
2.3 10° t in 1965. Historical records would indicate the Pacific 
mackerel is subject to rather severe fluctuations in recruitment. In 
1976, a small increase in the index level was evident, and in 1977 
the index level had increased dramatically to a level of about 2.62. 
In 1978, the 1977 level increased 2.8 times, to a level of 7.46. 
Within a 3-yr period, the Pacific mackerel went from zero observa- 
tions of pure schools in 1974, to a condition in 1978 where it was 
one of the species frequently observed in substantial tonnage. 


Morro Bay to San Nicolas Island.—1962-65, Fig. 38; 1966- 
69, Fig. 39; 1970-73, Fig. 40; 1974-78, Fig. 41. 

Jack mackerel were frequently sighted along the coast from Avila 
northward to Pt. Sur, and from Pt. Conception eastward in the 
Santa Barbara Channel, with centers of sightings in the Channel 
southeast of Santa Barbara about the eastern half of Santa Cruz 
Island, and Anacapa Island. Observations on the flight log charts, 
from 1962 through 1969, showed little change in areas and num- 
bers sighted. Fewer sightings were made during 1970-73 about the 
Santa Barbara coast, Channel, and Islands, and this may have been 
related to the oil discharge in the Santa Barbara Channel in early 
1970. During this period, less search effort was expended north of 
Pt. Conception, but the effort that was expended failed to note any 
concentrations. During 1976-78, jack mackerel were sighted in 
increasing numbers at the eastern end of the Santa Barbara Chan- 
nel, and about Santa Cruz and Anacapa Islands, in the same areas as 
observed during 1962-69. 

Pt. Hueneme to San Diego.— 1962-65, Fig. 42; 1966-69, Fig. 
43; 1970-73, Fig. 44; 1974-78, Fig. 45. 

For the area from Pt. Hueneme to San Diego, there has been little 
change in the major sighting areas since 1962. Sightings declined 
during 1970-73, as in the Santa Barbara Channel area. In 1976-78, 
the sightings increased along the coast and about the islands and on 
Cortez Bank. During this period, the coastal area from southwest of 
Pt. Dume to Pt. Hueneme appeared to have a greater number of 
sightings than during 1962-65. 


Index Trends.—The aerial night index level (Fig. 46) was about 
2.98 in 1963, with a catch of 42.6 10° t. In 1964-67, the catch 
declined about one-third, but the aerial index did not show a declin- 
ing trend. In 1969, the index dropped sharply to a 0.65 level and 
continued to decline through 1975 (0.40). In 1976, a small increase 
in the index was noted (0.87), rising to 2.77 in 1977. It then 
increased 1.5 times in 1978 to a record high of 4.20. The substan- 
tial increase in index level in 1977 and 1978 parallels, but does not 
equal in magnitude, the increase in the Pacific mackerel index. 
Both day and night indices for jack mackerel increased in 1978. 
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1971 1972 1973 1974 1975 1976 1977 1978 
-/- -/- 0.00 /- 0.00 /- -/- -/- -/- -/- 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /- 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/- 
0.00/0.00 0.0664/0.00 0.0074/0.00 0.0044/0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.0014/0.00 0.00/0.00 0.00/0.00 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.0873/0.6451 0.00/0.00 0.00/0.00 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00/0.00 0.0109/0.00 0.00 /0.00 0.00 /0.00 0.0047/0.00 0.00 /0.00 0.00/0.00 0.00/0.00 
0.00/- 0.00 /0.00 0.0460/0.00 0.2364/0.00 0.00 /0.00 0.00 /0.00 0.00/0.00 0.00/00.0 
0.00/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /- 0.00 /0.00 0.00/- 0.00/- 
0.00 /0.00 0.0106/- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
0.00 /0.00 0.00 /- 0.00 /- 0.00 /- 0.00/- 0.00/- 
0.2847/- 0.00 /- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
-/- 0.00 /- oe a Al 0.00/- 
0.00 /- 0.00 /- 0.00 /- 0.00 /0.00 0.00/0.00 0.00/- 
0.00/0.00 0.0035/0.00 0.0213/0.00 0.0470/0.00 0.0004/0.00 0.0015/0.0056 0.00/0.00 0.00/0.00 
0.0000 0.0022 0.0155 0.0323 0.0003 0.0024 0.00 0.00 
Bluefin tuna 
A 0.00 /- 0.00 /- -/- -/- -/- -/- 
B 0.00 /0.00 0.00 /- 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 
(S 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 
D 0.00 /0.00 0.0226/0.00 0.0386/0.00 0.00 /0.00 0.00 /0.00 0.00 /0.00 
E 0.00 /0.00 0.0257/0.00 0.3281/0.00 0.0545/0.00 0.00 /0.00 0.00 /0.00 
IF 0.00 /0.00 0.6127/0.0449 0.00 /0.00 0.0458/0.7258 0.00 /0.00 0.00 /0.00 
G 0.00 /0.00 0.0797/0.0410 0.0241/0.00 0.00 /0.0021 0.00 /0.00 0.00 /0.00 
H 0.00 /0.00 0.0306/0.00 0.0279/0.00 0.0067/0.00 0.0072/0.00 0.00 /0.00 
I 0.2667/0.00 0.2603/0.00 0.1228/0.00 1.2857/0.0396 0.034 /0.00 0.00 /0.00 
J 0.0408/0.00 0.7556/0.00 0.0779/0.00 0.7330/0.00 0.00 /0.00 0.00 /0.00 
K 3.0506/1.2878 1.9407/0.00 0.1034/- 1.6140/0.2380 0.14 /- 4.145/- 
Ib, 1.1499/0.5319 1.9779/- 0.3642/- 1.6190/0.00 0.00 /0.00 0.328/- 
M 2.9545/0.00 0.00/- 0.00 /- 0.00 /- 0.00 /- 0.00 /- 
N 2.4402/- 5.3768/- 0.7735/- 1.7961/0.00 4.44 /0.00 9.482/- 
fo) -/- 0.00/- -/= -[- -/- of 
P 16.3561/ 14.3181/- 0.00 /0.00 0.2495/0.00 0.037/0.00 2.142/- 
Q -/- -/- =| 
R 24.7204/0.00 ale off 
Average 
all 
zones 0.9462/0.0276 0.7972/0.0202 0.1324/0.00 0.8766/0.0091 0.424/- 0.7183/0.00 
Average 
D+N 0.6940 0.5547 0.0938 0.7026 0.2139 0.4361 
Tunas about San Clemente Island, and along the coasts off Oceanside and 


Bluefin tuna.—Sightings of bluefin tuna for all years 1962 
through 1978, are given for the areas north of the United States- 
Mexico border (Figs. 47, 48), and for the area from San Diego 
south into Mexico (Fig. 49). Flight log charts for areas south of the 
border (see dotted line on Fig. 49) were not used by the program 
until 1974. 

Figure 47 shows that the major sighting area for bluefin tuna in 
the Santa Barbara Channel and Channel Islands area was along the 
south side of Santa Cruz and Santa Rosa Islands, with a few sight- 
ings made near San Nicolas Island and along the Santa Barbara 
coast. Figure 48 shows that sightings were widely scattered west 
and southwest of San Diego. Bluefin tuna were frequently sighted 
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Redondo Beach. In the southern area of fishing off Mexico (Fig. 
49), sightings were more concentrated west and northwest of 
Ensenada. Aerial spotter operations were seldom conducted south 
of Pta. Baja, Mexico. 


Index Trends.—For the period 1973-78 day index (Table 2), the 
index trend shows 1975 to have been the lowest in relative apparent 
abundance (0.13). The highest level was recorded in 1973 (0.95). 


Albacore tuna.—For albacore tuna sightings, Figure 50 gives 
locations for all years 1962 through 1978. Figure 51, from the Cor 
onado Islands, Mexico, southward to Pta. Baja, indicates sightings 
for the years 1974-78. 


Albacore were sometimes sighted west and southwest of San 
Diego (Fig. 50), but few sightings were made north of this area. A 
total of 124 sightings were made during the survey period. Figure 
51 indicates that 76 sightings were made west to northwest of 
Ensenada, but few were made in this area south of a line drawn west 
from Cabo Colnett, Mexico. 


Other sightings 


Although yellowtail, Pacific barracuda, white seabass, basking 
shark, and squid are not of primary interest to the commercial aerial 
fish spotter, records were maintained and are given for these species 
because they are of interest to the recreational or commercial fish- 
eries of southern California. 


Yellowtail.—Areas of sighting were about the Coronado Islands, 
Mexico, north to near Newport, along the northeast side of San 
Clemente Island (Fig. 52), and along the coast from Santa Barbara 
to Pt. Conception (Fig. 53) 


Pacific barracuda.—Small numbers of sightings were made 
along the coast, from north of San Diego to near Long Beach, and 
off the northeast side of San Clemente Island (Fig. 54). Barracuda 
were also sighted along the coast from near Pt. Conception to Ven- 
tura (Fig. 55). 


White seabass.—This species was more commonly sighted by 
the aerial spotters near Pt. Conception, along the north side of 
Santa Cruz Island (Fig. 56), and to the north off Avila, Morro Bay 
(Fig. 57), with some sightings recorded in the northern half of 
Monterey Bay. 

Observations of basking shark (Figs. 58, 59) and of squid (Figs. 
60, 61) are of interest to the commercial fishery and are given. 
Index values are not given for these species. 


Basking shark.—Although many species of sharks were 
sighted, most were not indentified by the spotter pilots as to spe- 
cies. The exceptions were the large sharks, such as the basking 
shark which was the subject of a commercial fishery in the late 
1940's and early 1950's. Aircraft were used in this fishery to locate 
basking sharks and, on occasions, great white sharks were 
observed (Squire 1967). 

Basking sharks were quite common in coastal waters in the late 
1940's and early 1950's, and at that time were fished commercially 
in California. They were sighted frequently off Avila and Morro 
Bay (Fig. 58) along the coast south of Pt. Sur, but most frequently 
in the central and northern half of Monterey Bay (Fig. 59). Few 
were observed in the mid- to late-1960’s and early 1970's. Recently, 
more basking sharks were being sighted north along the coast from 
the Santa Barbara area west to Point Conception. A total of 1,911 
basking sharks were recorded by the aerial spotters. 


Squid.—The only invertebrate animal reported as being sighted 
in surface schools was the squid. Schools were most common about 
the eastern half of Santa Cruz Island and Anacapa Island (Fig. 60), 
and in the coastal area from Pt. Hueneme to Pt. Dume. They 
appeared most common about Catalina Island (Fig. 61), with larger 
concentrations along the southwest side. Distribution of sightings 
about San Clemente Island were grouped at the northwest and 
southeast ends. 


DISCUSSION 
Evaluation of Index Data 


The aerial observation program relies on the assistance of 
commercial aerial spotters who, for a modest fee, provide flight log 
data. The limitations of the data must be recognized since they are 
nonrandom, and influenced by many variable factors. 


Sighting.—The probabilty of sighting a school may be affected 
by a number of physical factors, some of which are common to both 
day and night operations, others to day or night (see Table 4). Eco- 
nomic factors are also very important in determining target species 
for search and location of area searched. In recent years, the 
demand for anchovy has increased and additional emphasis has 
been placed on searching areas where anchovy are commonly 
observed. However, these areas are frequently the same areas 
where other species are observed. 


Table 4.—Physical factors affecting the probability 
of sighting a school. X =important, —=less impor- 
tant, and 0=not a factor. 


Day Night 


~ 


Area observed 
Angle of viewing 
Sun position 
Moon phase 
School size 
School depth 
School density 


Con KM KOM KX 
xx KO | 


~*~ | 


Bioluminescence levels 

Weather 
clear Xx 0 
overcast Xx 0 
haze xX - 

Configuration of aircraft xX xX 


Ground speed differences 


Identification.—The detection of nearsurface schools during 
the day is dependent upon the pilot’s ability to distinguish subtle 
color and light intensity differences in the water. Detection of 
schools at night is possible only during the dark phase of the moon, 
and depends on the pilot’s ability to discern gradation of light inten- 
sity. Bioluminescence of planktonic organisms agitated by school- 
ing fish indicates by a dull glow the location and size of the school. 

Species are identified during the day on the basis of a combina- 
tion of two or more of the following characteristics: color of school 
or individual fish, shape of school, and behavior and size of indi- 
viduals within the school. At night, species identification is based 
on shape of the luminous area and behavior of the schooling fish 
under undisturbed conditions, or by the behavior of the school after 
being subjected to a stimulus from an external source such as a 
flash from the aircraft’s landing light. A light flash causes a 
response or movement of the fish, which agitates the plankton, 
resulting in bioluminescence. The response of the fish to the light 
flash is species-distinctive and allows the trained observer to make 
an estimation of species. The level of bioluminescent plankton 
organisms, the schooling configurations, depth of school, and com- 
position of the school (mixed species), are some of the variables in 
night identification. 


School size estimation.—The probability of sighting, identify- 
ing, and estimating school size, is affected by the training and abil- 
ity of the spotter pilot. It was recognized in the beginning of the 


program that variation in estimating school size probably has more 
effect on the data than other variables. Some spotter pilots consist- 
ently report greater tonnages than do others (Squire 1972). Six of 
the fish-spotter pilots have continued full-time with the program 
since 1963 and were the major contributors. Therefore, if biases in 
reporting of tonnage were present, it may have been relatively con- 
sistent throughout the period. MacCall,* in an investigation of aer- 
ial spotter variation in reported abundance of anchovies, found that 
differences in spotting power appeared to be consistent for both day 
and night conditions for two periods of time (1! yr apart). He also 
stated that variability in reported tonnages was high even for con- 
secutive flights, giving wide confidence intervals of estimates of 
spotting power and daily fish abundance. A long-term averaging, 
however, will reduce the variance in estimates of mean abundance. 
In evaluating comparative observations between pilots as presented 
in the flight log, we do not know if they were looking at the same 
school or school group at the same time. If they were observing the 
same school or school group, it is possible that some period of time 
may have elapsed between observations, and the availability level 
changed. Estimation values between pilots may also change by spe- 
cies, requiring corrective factors by pilot for each species. For 
example, the anchovy is sometimes one of the more difficult spe- 
cies to evaluate and estimate tonnage because of the large school 
groups and large tonnages available. 

Pilot estimation values for anchovy were calculated using data 
for the period 15 September to 31 December 1966, 1969, 1974, 
1976, and 1977. Flight logs of two or more spotter pilots were com- 
pared, using observations thought to be near the same geographical 
location, for either day or night. One aerial spotter, recognized 
among his peers as an able and competent observer, was selected as 
the key observer and his observations were used as a reference 
base. The results for observations for other spotter pilots indicate 
that. when compared with the key aerial spotter, two pilots were 
estimating nearly the same as the key pilot, three were 0.4 times his 
estimate, two were 0.45 times, and three about 0.08 times. The dif- 
ferences in spotting power appeared to be consistent both day and 
night, as found by MacCall (footnote 3). 

Aerial spotter pilots tended to survey portions of the ocean near 
their bases of operation: either the greater Los Angeles area or the 
Santa Barbara coastal area. Pilots operating in the same area tended 
to estimate the available tonnage in similar amounts, for they fre- 
quently communicated via radio and tended to cooperate in the 
searching and fishing operations in their respective search and fish- 
ing areas. As indicated previously, no effort was made during the 
period of the survey to attempt to influence the individual aerial 
spotter’s tonnage estimation values and the major contributors to the 
program have participated throughout its 16-yr period. 


Comparison of Apparent Abundance Measuring 
Techniques 


A precise measure of a specie’s total abundance and its biological 
composition is most desirable for the management of pelagic 
marine species. However, at the present time a precise measure of 
abundance is not possible. Management must therefore rely on 
sampling techniques to obtain a reasonable estimate of abundance 
and biological composition. The major coastal pelagic resources 
are conveniently being measured by methods of sampling which 


*MacCall, A. 1975. Investigation of aerial spotter variation in reported abun- 
dance of anchovies. Anchovy Workship Meeting, July 21-22, 1975, contrib. 19, 3 
p. Southwest Fisheries Center La Jolla Laboratory, NMFS, NOAA, La Jolla, CA 
92038. 
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provide a measure or index of apparent abundance (catch or obser- 
vations per effort). Larval surveys provide an apparent abundance 
measure, and acoustical surveys are conducted to determine the 
apparent abundance of fish schools. These apparent abundance 
indices are then adjusted to yield an estimate of total abundance. 
For the years since the start of the aerial survey program, some data 
are available giving estimates for Pacific mackerel and northern 
anchovy. These data can be compared with the trend of the aerial 
apparent abundance index. Three types of independent survey data 
are available for comparison: the larval survey, acoustical or sonar 
surveys, and the aerial spotter surveys. For the following species, 
some comparative data are available. 


Pacific Mackerel 


Smith and Richardson (1977) presented a graph of three indepen- 
dent estimates of the abundance of Pacific mackerel (Fig. 62) using 
three index values: spawning biomass, larval index, and aerial 
index. The aerial index can only be compared with values obtained 
after the start of the aerial survey in 1963. A rank correlation test 
(Spearman) was used to examine the aerial index vs. spawning bio- 
mass (1963-67), giving a significant correlation (7,= 1.00). For the 
aerial index vs. larval index comparison, the correlation coefficient 
was r,=0.77, not significant at the 0.05 level. Although the statis- 
tics show promising results, it should be noted that the data are im- 
ited by the number of years tested, and that the three indices show a 
common decrease in value. 


Northern Anchovy 


Three research programs using different techniques have inde- 
pendently developed apparent abundance data concerning the 
anchovy resource. Larval catch data have been summarized to pro- 
duce a larval index and an estimate of spawning biomass. Acous- 
tical surveys to measure school number and size have been used to 
develop an acoustical index and an estimate of biomass. Aerial sur- 
vey data have been used to develop an index of apparent abun- 
dance. The larval and acoustical techniques sometimes used 
different indices through the years. 

Since all estimates are independent of each other, an analysis was 
made to determine if these methods were estimating a common 
source. A description of the data sources for Figure 63 1s as fol- 
lows: larval abundance data for the central subpopulation for 1963 
through 1972 was provided by Smith,* and data from 1972 through 
1978 by Stauffer (1980). Acoustical surveys have been conducted 
since 1966, but acoustical techniques were changed in 1971. 
Therefore, acoustical data were compiled from Mais (1974, foot- 
note 5). Aerial survey data taken off the coasts of southern Califor 
nia and northwestern Baja California, Mexico, from published 
records 1962-69 (Squire 1972), and records through 1978 included 
in this publication, are in Table 2. Figure 63 shows the larval index 
from 1963 to 1978, for the central subpopulation, the aerial night 
index, and acoustical index. The acoustical index is based on 
Nx 10° schools for the early years, and the school’s surface area 
(square nautical miles) for the later years. The larval index uses the 
estimated abundance of larvae x 10'° for the central subpopulation. 


4p. E. Smith, Fishery Research Biologist, Southwest Fisheries Center La Jolla 
Laboratory, NMFS, NOAA, La Jolla, CA 92038, pers. commun. 1974. 

5Mais, K. F. 1978. Acoustic survey for the assessment of anchovy resources off 
California and northern Baja California. Unpubl. manuscr., 21 p. California 
Department of Fish and Game, Marine Resources Laboratory, 350 Golden Shore, 
Long Beach, CA 90802. 


Significant Spearman rank correlations were not found for com- 
parison of aerial to larval and acoustical survey data for 1963-72. 
Comparison of aerial and acoustical survey indices for the period 
1972-78 gave a significant correlation (r,=0.810, P=0.05). Dur 
ing this period, only three larval surveys were conducted, not an 
adequate sample for calculating a correlation. MacCall et al. (1976) 
calculated a correlation coefficient of +0.30 for larvae vs. aerial 
(night) surveys during 1962-66, and for 1968 and 1969. More 
recently, an anchovy spawning biomass estimate based on egg pro- 
duction has been developed (MacCall et al. 1982). The correlation 
between the aerial (night) anchovy index with the new biomass esti- 
mate is very high (Fig. 64). 

The aerial night index appears to be closely correlated with the 
acoustical index developed during the years since 1971. Larval sur 
veys cover a larger geographical area than either the aerial or acous- 
tical surveys, generally extending further offshore. The aerial 
survey involves only the nearshore area where the purse seine fish- 
ery operates. This area commonly has large concentrations of near- 
surface schooling fish and suitable sea-state conditions for purse 
seining, conditions which are not common in the offshore areas. 

The anchovy night aerial abundance index was not unusually 
high during the first years of the surveys compared with levels 
observed in 1973-76. The aerial surveys were started about the 
time the anchovy population was reported by Ahlstrom (1968) to 
have reached a plateau in about 1962. The anchovy larvae index for 
the central subpopulation declined during 1965-72, increased 
slightly in 1975, then declined sharply in 1978. The aerial and 
sonar indices rose two or more times their former levels to high lev- 
els in 1973 and 1975, then declined, with the aerial index declining 
to slightly below pre-1972 levels. 

The geographical area covered by the aerial survey program con- 
tained the major commercial fishing grounds. High abundance 
level indices from the aerial spotter data were not evident for this 
area, which apparently did not benefit from the high larval index 
levels that started in 1962 and resulted in population estimates of 
4.0 to 5.0 10° t (Ahlstrom 1968). However, a significant but 
unexplained change to high aerial and acoustic index trends 
occurred in the fishery during 1973-75, prior to a rapid decline dur- 
ing 1976-78, in the larval, acoustical, and aerial indices. 


Pacific Bonito 


Studies have been made using the aerial day index of Pacific 
bonito observed off southern California, in correlation with recrea- 
tional partyboat CPUE, using yearly time-lag periods (MacCall et 
al. 1976). The recreational fleet which fishes nearshore generally 
catches younger fish than the commercial purse seine fleet. The 
highest correlation between the recreational fleet CPUE and the 
aerial apparent abundance index for the commercial fishery was for 
a 3-yr lag period (r=0.69) which is shown in Figure 65. We believe 
this correlation to be useful in predicting recruitment into the 
commercial fishery, based on partyboat CPUE. 


SUMMARY 


The aerial index data is positively correlated with the trend of 
other measures of apparent abundance, particularly the acoustical 
survey (post-1971) for anchovy abundance. For the limited amount 
of comparable data available, the Pacific mackerel aerial index 
appears to correlate well with the biomass estimates. The index lev- 
els of Pacific bonito, a species that is more common to the south, 
show trends that appear to parallel the trend of the biomass. 
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Index trends for both the northern anchovy, beginning in 1974, 
and Pacific bonito, in 1968 and 1973, show a pronounced down- 
ward slope one to two years before major declines occurred in these 
fisheries. 

This program has used the available talents of commercial fish 
spotters who use standard visual techniques to observe pelagic 
schooling fish. In recent years, airborne electronic surveillance 
systems specifically designed to measure the extent of the available 
near-surface schooling resources at night have been developed. 
These new techniques, if used in close coordination with 
commercial operations and research studies, could produce for the 
program a more refined estimate of apparent abundance, not only 
for the fishing areas commonly surveyed by the commercial spot- 
ters but also for areas farther offshore where resources such as the 
anchovy are commonly observed during the winter-spring spawn- 
ing season. 

All analyses to date have involved only the production of basic 
apparent abundance indices, and have not been further adjusted to 
produce a more refined index or estimates of biomass. The aerial 
apparent abundance data should be further analyzed to provide 
more refined estimates of abundance for the major pelagic species. 
Studies are currently in progress to do this. 
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Figure 1.—Block areas from near Half Moon Bay, Calif., to Cedros Island, Baja California, Mexico, grouped in zones A to T as used in this study. 
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Figure 2.—Summary of observation effort, 1962-78, in terms of total day, night, and total overflights of block areas. 
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Figure 3.—Graphic description of positioning the center of sighting. 
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Figure 4.—Northern anchovyy—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-65. 
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Figure 5.—Northern anchovy—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1966-69. 
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Figure 6.—Northern anchoyy—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1970-73. 
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Figure 7.—Northern anchovy—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1974-78. 
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Figure 8.—Northern anchovy—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-65. 
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Figure 9.—Northern anchoyy—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1966-69. 
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Figure 10.—Northern anchovy—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1970-73. 
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Figure 11.—Northern anchovy—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1974-78. 
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Figure 12.—Northern anchovy index values for day and night observations in arbitrary units and total California catch. 


Figure 13.—Northern anchovy night index values in arbitrary units for the 
major fishing areas. 
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Figure 14.—Pacific sardine—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-65. 


27 


PACIFIC SARDINE 
IS66 — 1969 


Se 


PT: 


CONCEPTION 
SANTA BARBARA 


34° 


I21° 120° 


Figure 15.—Pacific sardine—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1966-69. 
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Figure 16.—Pacific sardine—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-65. 
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Figure 17.—Pacific sardine—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1966-69. 
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Figure 18.—Pacific sardine—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1970-73. 
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itrary units for day and night observations and total California catch. 
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Figure 20.—Pacific bonito—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-65. 
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Figure 21.—Pacific bonito—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1966-69. 
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Figure 22.—Pacific bonito—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1970-73. 
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Figure 23.—Pacific bonito—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1974-78. 
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Figure 24.—Pacific bonito—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-65. 
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Figure 25.—Pacific bonito—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1966-69. 
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Figure 26.—Pacific bonito—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1970-73. 
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Figure 27.—Pacific bonito—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1974-78. 
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Figure 28.—Pacific bonito index values in arbitrary units for day and night observations and total California catch. 
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Figure 29.—Pacific bonito day index values in arbitrary units for the major fishing areas. 
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Figure 30.—Pacific mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-65. 


PACIFIC MACKEREL 
1I966 —1969 


35° 


Piz 
\ CONCEPTION 


SANTA BARBARA 


34° 


i212 | 120° 


Figure 31.—Pacific mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1966-69. 
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Figure 32.—Pacific mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1974-78. 
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Figure 33.—Pacific mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-65. 
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Figure 34.—Pacific mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1966-69. 
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Figure 35.—Pacific mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1970-73. 
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Figure 36.—Pacific mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1974-78. 
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Figure 37.—Pacific mackerel ind 1 bit ts for day and night observations and total California catch 
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Figure 38.—Jack mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-65. 
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Figure 39.—Jack mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1966-69. 
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Figure 40.—Jack mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1970-73. 
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Figure 41.—Jack mackerel—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1974-78. 
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Figure 42.—Jack mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-65. 


54 


117° 


JACK MACKEREL 
IS66 —i969 


54° 
LOS ANGELES 


LONG BEACH 


33°] 


“118° 


Figure 43.—Jack mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1966-69. 
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Figure 44.—Jack mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1970-73. 


56 


JACK MACKEREL 
I974-1978 


\ HUENEME 


LOS ANGELES 


LONG BEACH 


Re, 


ea ee 


33°|— 


1192 118° \I7° 


Figure 45.—Jack mackerel—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1974-78. 
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Figure 46.—Jack mackerel index values in arbitrary units for day and night observations and total California catch. 
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Figure 47.—Bluefin tuna—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-78. 
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Figure 48.—Bluefin tuna—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-78. 
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Figure 49.—Bluefin tuna—location of centers of sighting for school or school groups, San Diego to Punta Baja, 1962-78. 
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Figure 50.—Albacore tuna—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-78. 
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Figure 51.—Albacore tuna—location of centers of sighting for school or school groups, San Diego to Punta Baja, 1962-78. 
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Figure 52.—Yellowtail—locations of school or school group sightings, Morro Bay to San Nicolas Island, 1962-78. 
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Figure 53.—Yellowtail—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-78. 
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Figure 54.—Pacific barracuda—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island,1962-78. 
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Figure 55.—Pacific barracuda—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-78. 
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Figure 56.—White seabass—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-78. 
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Figure 57.—White seabass—location of centers of sighting for school or school groups, Half Moon Bay to Pt. Piedras Blancas, 1962-78. 
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Figure 58.—Basking shark—locations of sighting one or more animals, Morro Bay to San Nicolas Island, 1962-78. 
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Figure 59.—Basking shark—locations of sighting one or more animals, Half Moon Bay to Pt. Piedras Blancas, 1962-78. 
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Figure 60.—Squid—location of centers of sighting for school or school groups, Morro Bay to San Nicolas Island, 1962-78. 
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Figure 61.—Squid—location of centers of sighting for school or school groups, Pt. Hueneme to San Diego, 1962-78. 


73 


NI 
ol 


800 
SPAWNING BIOMASS @ 
{2} 
e —LARVAL INDEX ° 
> = 
§ 600 2 12 
a 506 S 
fe} AERIAL INDEX } 10 € 
ts 400 ” 408 4 
fa) Yn 2 
z PACIFIC = = 
MACKEREL S 4o6 a 
= 250 x 
> oO WW 
& 200 Zz 404° 
< 2 
4 = 
& 402 
wn 
) O 


O 
ISSSMCI GSU 65) 67, 469 


Figure 62.—Three independent estimates (spawning biomass, larval index, and aerial 
index) of Pacific mackerel abundance. 
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Figure 63.—Aerial, larval, and acoustic indices for the northern anchovy. Aerial night index in arbitrary units, acoustic index in schools per square nautical mile, and 
larval index in 10!2 larvae. 
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Figure 64.—Comparison of the anchovy aerial index (night) and the anchovy 
spawning biomass. 
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Figure 65.—Regression of aerial survey day index for Pacific bonito against 
partyboat CPUE index 3 yr earlier. Comparison data is for observations off 
southern California only. 
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Climatology of Surface Heat Fluxes 
Over the California Current Region 


CRAIG S. NELSON and DAVID M. HUSBY' 


ABSTRACT 


Historical surface marine weather observations are used to compute large-scale atmosphere-ocean heat 
exchange components over the California Current region. Heat exchange components are summarized by 1° 
square areas and long-term months, and major features of the monthly distributions are described. The accu- 
racy of the derived air-sea interaction variables and methods of computation are discussed. 

The region off the west coast of the United States and Baja California is characterized by net annual heat 
transfer from atmosphere to ocean. Net oceanic heat gain reaches a maximum during summer off Cape Men- 
docino. Near the coast, surface heat flux is determined by a balance between incoming solar radiation and 
effective back radiation. In the offshore regions, high cloudiness reduces the magnitude of the short-wave radi- 
ative flux, and latent heat flux produces the largest heat loss. The principal seasonal and spatial variations in 
air-sea heat transfer are a consequence of coastal upwelling which contributes to relatively low cloudiness and 
high incident solar radiation near the coast, suppression of evaporative heat loss, and reversal of the sensible 
heat flux. Simplified heat budget calculations demonstrate the importance of advective processes in maintain- 
ing the seasonal heat balance in coastal upwelling regions. Nonseasonal fluctuations are evident in time series 
of heat exchange processes, but low frequency components are not well described by the surface marine data 


used in this study. 


INTRODUCTION 


Eastern boundary current regions, such as the area off the west coast 
of the United States and Baja California, are characterized by high 
organic production which supports large stocks of commercially 
important fishes, e.g., Pacific sardine, Sardinops sagax; northern 
anchovy, Engraulis mordax; and Pacific mackeral, Scomber japoni- 
cus. High productivity is favored by vertical and horizontal transfer of 
nutrients and by a shallow thermocline that typically lies above the 
compensation depth in these temperate zones. Wind-forced divergence 
of surface flow is the principal driving mechanism for vertical nutrient 
exchange near the coast (Wooster and Reid 1963). Thermohaline proc- 
esses modify the density structure and vertical stability of the upper 
ocean and partially condition these waters for high primary productiv- 
ity. Internal readjustment of mass, in response to both thermal and wind 
forcing processes, may contribute to large-scale changes in circulation 
offshore and may alter the normal seasonal patterns of alongshore flow 
near the coast. 

Comparative studies of surface circulation and reproductive 
strategies of pelagic fish stocks in the California Current suggest 
that nonseasonal fluctuations in atmosphere-ocean exchanges of 
momentum, heat, and mass lead to wide variations in recruitment 
to coastal fish stocks of the region (Parrish et al. 1981). Anomalous 
wind forcing may adversely affect larval survival by inducing loss 
of epipelagic eggs and larvae through strong seaward surface trans- 
port. Recent laboratory and field experiments have also suggested 
that reproductive success of the northern anchovy is sensitive to 
dispersion of food strata by wind mixing events during early larval 
feeding (Lasker 1978). The corollary implies that a precondition 
for enhanced larval survival may be strong vertical stability in the 
upper water column and the absence of vigorous mechanical wind 
mixing at the surface. Because stability is strongly affected by ther- 


‘Southwest Fisheries Center Pacific Environmental Group, National Marine 
Fisheries Service, NOAA, c/o Fleet Numerical Oceanography Center, Monterey, 
CA 93940. 


mohaline processes, analyses of seasonal and nonseasonal 
atmosphere-ocean heat exchange processes may provide valuable 
indices to map favorable areas for larval survival. 

Effects of climatic variability on stock recruitment have been 
observed in pelagic species in other eastern boundary currents, the 
North Sea, and the North Atlantic (Cushing 1975). Climatic 
change may be in the form of long-term fluctuations or year-to-year 
differences in the atmospheric forcing of the ocean. An important 
first step in modeling the fisheries-environment relationships in the 
California Current region is to determine the normal seasonal and 
spatial variability of the atmospheric forcing processes from which 
changes can be measured. 

The California Current flows equatorward along the west coast 
of the United States between a cell of high atmospheric pressure to 
the west and a continental thermal low located over central Califor 
nia. Seasonal variations in the California Current appear to be 
related to fluctuations in wind stress and wind stress curl (Munk 
1950; Reid et al. 1958; Hickey 1979). Nelson (1977) described the 
seasonal and spatial variations in wind stress and wind stress curl 
for the area off the west coast of the United States and Baja Califor 
nia. In addition to the wind-driven component of flow, a complete 
description of the California Current System must include the 
effects of atmosphere-ocean exchanges of heat and mass (evapora- 
tion — precipitation) on upper ocean circulation. 

Summaries of large-scale heat exchange processes over the Cali- 
fornia Current have been made by Roden (1959) and Clark et al. 
(1974) based on monthly mean atmospheric properties within 5° 
latitude-longitude quadrilaterals. Wyrtki (1965) discussed the aver 
age annual values of heat exchange over the North Pacific Ocean 
north of lat. 20°S, computed from 2° square monthly mean atmo- 
spheric properties. The climate and heat exchange in a coastal 
upwelling region adjacent to the Pacific Northwest have been 
described by Lane (1965), who analyzed 11 yr of surface marine 
weather observations and computed monthly values of heat 
exchange components from 1953 to 1962. These summaries 
described the gross features of the large-scale heat exchange proc- 


esses and characterized the region off the west coast of North 
America as an area of net annual oceanic heat gain. However, pre- 
vious studies have not provided sufficient spatial resolution to 
delineate the critical areas of surface heat flux within the California 
Current region. 

In this report we present the long-term climatological monthly 
mean distributions of heat exchange across the air-sea interface 
based on a summarization of historical surface marine weather 
observations over the California Current region. This study differs 
from previous work for this area by calculating monthly mean val- 
ues on a 1° latitude-longitude grid and by computing the heat 
exchange components from individual surface marine weather 
reports archived in the National Climatic Center's (NOAA, Envi- 
ronmental Data and Information Service) Tape Data Family-11 
(TDF-11). Roden (1974) evaluated the surface radiative and turbu- 
lent heat fluxes on a 1° latitude-longitude grid. However, Roden’s 
distributions were derived from monthly mean surface temperature 
and wind analyses and satellite cloud cover data based on a 5° 
latitude-longitude grid and interpolated to the finer mesh grid. We 
used standard bulk aerodynamic formulae, referred to a neutrally 
stable atmospheric boundary layer (Malkus 1962), to evaluate the 
evaporative and conductive heat fluxes. A separate analysis was 
performed to evaluate the dependence of these flux computations 
on the turbulent exchange coefficients as functions of windspeed 
and atmospheric stability. The methods are similar to procedures 
employed by Bunker (1976) and Hastenrath and Lamb (1978) for 
investigations of surface heat flux in the North Atlantic and in the 
tropical Atlantic and eastern Pacific Oceans, respectively. The dis- 
tributions of heat exchange components described in this report will 
provide basic input data fora future simulation model of large-scale 
variations in the California Current ecosystem. 


PROCESSING OF DATA 


Surface marine weather observations archived in the TDF-11 file 
consist of weather reports from teletype messages, ship logs, published 
ship observations, ship weather reporting forms, and various punched 
card decks obtained from foreign meteorological services. The sources 
of data and periods of coverage are tabulated in the TDF-11 documen- 
tation’ and in Hastenrath and Lamb (1978). Over | million reports are 
within the California Current region and date from the mid-19th 
century through 1972. Individual reports were compiled by 1° squares 
within the geographical area outlined in Figure 1. The data grid extends 
from lat. 21°N to 50°N and parallels the coastline of British Columbia, 
the western United States, and Baja California. The grid extends 10° 
of longitude in the offshore direction, a distance ranging from 1,040 
kmat lat. 21°N to 717 kmat lat. 50°N. Each 1° square is centered ona 
whole degree of latitude and longitude. Approximately 25% of the 
total available reports contain positions recorded to the nearest whole 
degree of latitude and longitude. The grid orientation used in this study 
reduces spatial bias which might be introduced by summanizing the 
data according to the more conventional Marsden square numbering 
system. 

The observations contained in the TDF-11 reports vary markedly 
in methods and precision of measurement due to the changes in 
instrumentation and sampling techniques over the considerable 
time period covered by the data base. An individual surface 
weather report was used in the calculation of the heat exchange 
processes only if it contained all the properties needed to compute 
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Figure 1.—Chart of the west coast of the United States showing the grid of 1° 
squares used for summaries of the surface heat fluxes. Large dots indicate 
squares for which the annual cycles of heat exchange processes are displayed in 
Figure 19. 


the radiative and turbulent heat fluxes. Values for surface pressure, 
P(mbar), sea surface temperature, 7,(°C); air temperature, T,(°C); 
wet-bulb or dewpoint temperature, 7, or 7,(°C); windspeed, 
U,,(kn); and total cloud amount, C(oktas), were extracted from the 
TDF-11 file and quality controlled with a single pass editor to 
remove gross errors. Windspeed and cloud amount were converted 
to units of meters per second and tenths before incorporating these 
variables in the heat exchange formulae. 

A total of 560,210 reports were accepted for the heat exchange 
calculations. These data amounted to 57% of the available reports. 
Approximately 38% of the reports were rejected because one or 
more of the surface meteorological observations were missing. An 
additional 3-5% of the reports were deleted because of duplicate 
reports and errors in position or because observed or derived varia- 
bles could not pass specified climatic checks. An entire report was 
removed if surface observations exceeded the following extreme 
value limits: pressure (P)<945 mbar or > 1,055 mbar; windspeed 
(U,,) > 100 m/s; air temperature (T,) <-10°C or >40°C; wet-bulb 
temperature (7,,) <-5°C or >40°C; sea temperature (T,) < -2°C or 
>35°C; and airsea temperature difference (T7,-T,)<-30°C or 
>30°C. Wet-bulb and dewpoint temperatures were constrained to 
be less than or equal to the air temperature, and a valid estimate for 
total cloud amount (C ), i.e., between 0.0 and 1.0, was required to 
accept the report. Cloud observations orginally encoded as 9 
(oktas) in the TDF-11 file indicated that the sky was obscured or 
cloud amount could not be determined. Consequently, these reports 
were also rejected. As a result of the editing procedures, the distni- 
butions of surface heat fluxes (Appendix I) and tables of monthly 
mean surface atmospheric properties (Appendix III) presented in 
this report are based on a common set of weather observations col- 
lected during the more restricted period from 1921 to 1972. 


Empirical Heat Exchange Formulae 


The net heat exchange across the sea surface, Qy, is the sum of 
the direct and diffuse radiation from sun and sky reduced by cloud 
cover and sea surface albedo, Q,, the net long-wave or effective 
back radiation, Q,, the latent heat flux, Q,, and the sensible heat 
flux, Q., as expressed in Equation (1): 


OQy=Qs—Qs—Qe— Qe - (1) 


Few direct measurements of radiative and turbulent heat fluxes 
have been made at sea. Observations of short-wave, long-wave, 
and net long-wave radiation have been analyzed by Tabata (1964), 
Charnell (1967), Reed and Halpern (1975), Reed (1977), and 
Simpson and Paulson (1979) for widely separated locations in the 
eastern and central North Pacific Ocean. Friehe and Schmitt (1976) 
and Anderson and Smith (1981) have reviewed the few available 
direct eddy flux measurements of sensible and latent heat. Because 
direct measurements of air-sea heat transfers are not routinely avail- 
able over the ocean, the radiative and turbulent heat fluxes are com- 
monly parameterized by empirical equations which incorporate 
empirically determined coefficients and regularly observed atmo- 
spheric properties at the sea surface and at some standard height 
above the sea surface. All empirically derived heat exchange com- 
ponents discussed in this report are expressed in units of watts per 
square meter. 

Net incoming short-wave radiation from sun and sky, corrected 
for cloud cover and sea surface albedo, was calculated according to 
the following equation: 


Q,=(1—a)Q, (1 —0.62C+ 0.0019h) (2) 


where a is the fraction of incoming radiation reflected from the sea 
surface, C is the observed total cloud amount in tenths of sky cov- 
ered, and / is the noon solar altitude in degrees. The direct and dif- 
fuse radiation from a cloudless sky, Q,, was obtained from an 
harmonic analysis of the values tabulated in the Smithsonian Mete- 
orological Tables (List 1949) for an atmospheric transmission coef- 
ficient of 0.7 (Seckel and Beaudry 1973). Reed (1977) determined 
that estimates of clear-sky insolation computed from the Seckel and 
Beaudry formula differed from measurements of short-wave radia- 
tion under cloudless skies by 4% or less. 

The reduction of solar insolation due to the presence of clouds 
has been estimated by various formulae ranging from linear (Kim- 
ball 1928) to cubic functions (Laevastu 1960) of total cloud 
amount, regardless of cloud type, or by relationships expressing a 
dependence on both cloud amount and cloud type (Lumb 1964; 
Seckel and Beaudry 1973). The linear cloud correction formula 
suggested by Reed (1977) was adopted in this study. The total cloud 
amount reports in the TDF-11 file represent visual estimates of the 
fraction of the celestial dome obscured by clouds. Such highly sub- 
jective observations frequently contain significant error and may 
not warrant using higher order cloud correction formulae. 

The linear cloud correction in Equation (2) is appropriate for 
cloud cover ranging from 0.3 to 1.0. The reduction in insolation 
was neglected for cloud amounts < 0.25 (i.e., 2 oktas), a proce- 
dure recommended by Reed (1977), who also indicated that this 
formula results in a random error of estimate less than + 10% for 
estimates of monthly mean insolation and +20% for weekly 
means. Reed’s linear correction is similar to a formula derived by 
Tabata (1964) which was shown to give excellent agreement with 
radiation measurements at Ocean Weather Station “PAPA” (OWS- 
P) at lat. SO°N, where stratus type clouds predominate. Simpson 


and Paulson (1979) compared observations of incident solar radia- 
tion with predictions based on empirical formulae and demon- 
strated that Lumb’s (1964) formula, which requires very reliable 
hourly observations of cloud amount and cloud type, was superior 
to Reed’s linear correction formula for predictions averaged over 11 
d. Predictions based on Reed’s formula overestimated the 11-d 
mean incident solar radiation by 6%. The 11-d mean was 102.5 W/ 
m?’, and the root-mean-square deviation between observations and 
predictions over the same 11 d, amounted to 16.7 W/m’. Although 
cloud type observations are included in surface marine weather 
reports, we did not consider the additional cloud type information 
in the TDF-11 file to be sufficiently reliable to incorporate Lumb’s 
more accurate formula in calculations of incident solar radiation. 

Net short-wave radiation reaching the sea surface is the differ 
ence between incident solar radiation and the radiation reflected 
from the sea surface. Sea-surface albedo, a, was extracted from 
tables published by Payne (1972), as a function of atmospheric 
transmittance and mean daily solar altitude. Transmittance values 
were calculated by reducing the clear-sky atmospheric transmission 
coefficient of 0.7 used in this report by the linear cloud correction 
factor adopted from Reed (1977). In our calculations, albedo 
ranged from 0.04 in low latitudes during summer under cloudless 
skies to between 0.20 and 0.30 in higher latitudes during winter. 

Effective back radiation is the difference between the outgoing 
long-wave radiation from the sea surface, proportional to the fourth 
power of the absolute sea surface temperature, and the incoming 
long-wave radiation from the sky, which depends on the water 
vapor content of the atmosphere and the type, density, and height of 
clouds. In this report we have adopted the modified Brunt equation 
(Brunt 1932) with the empirical constants of Budyko (1956) and the 
linear cloud correction formula of Reed (1976) to compute the net 
long-wave radiation: 


0,=5.50 X10% (T;+273.16) (0.39-0.05e, )(1— 0.90). (3) 


The atmospheric vapor pressure, e,(mbar), was computed from a 
formula given by List (1949:366) using the observed surface pres- 
sure, P, airtemperature, 7,,, and wet-bulb temperature, 7,,. If any of 
the required variables were missing, but the dewpoint temperature, 
T,, was present in the surface weather report, or if the archived wet 
bulb temperature was derived from a reported dewpoint tempera- 
ture, as in TDF-11 Decks 110, 119, 185, 187, 196, and 281, then 
atmospheric vapor pressure was computed as the saturation vapor 
pressure at the dewpoint temperature using an integrated form of 
the Clausius Clapeyron equation (Murray 1967). In fewer than 
12% of the reports, atmospheric vapor pressure was computed 
from the dewpoint temperature. 

In previous studies of the large-scale surface heat flux in the east- 
ern and central North Pacific Ocean (Roden 1959; Seckel 1970; 
Clark et al. 1974), effective back radiation was computed from the 
Berliand (Budyko 1956) formula which includes a nonlinear cloud 
factor and an additional term based on the airsea temperature dif- 
ference. Reed and Halpern (1975) demonstrated that the Berliand 
formula produces systematically higher values than those com- 
puted from the Brunt equation. Their estimates of net long-wave 
radiation predicted by Equation (3) were approximately 10 W/m? 
greater than measured daily mean values of 60-65 W/m? for two 
sites off the Oregon coast. Simpson and Paulson (1979) suggested 
that the formulae of Brunt and Berliand are equally satisfactory and 
may be used to predict daily values of net long-wave radiation with 
an absolute accuracy of 20 W/m’. 


The linear cloud factor in Equation (3) is appropriate for low strato- 
cumulus clouds. Reed (1976) proposed an alternate linear correction 
(1-0.7C) which is more suitable for the higher clouds typical of the 
tropics. However, we could not discern any significant difference in 
seasonal cloud cover, by cloud type, which would allow us to use the 
alternate cloud factor in the lower latitudes of the study region. 

The bulk aerodynamic formulae for turbulent fluxes of latent and 
sensible heat across the airsea interface in a neutrally stable atmo- 
spheric boundary layer (Kraus 1972) can be expressed in the forms: 


Oe= Pa LCz(Go— Gio) Vio (4) 
and 
Qc= 0.C,C AT, — T,)U o- (5) 


In these equations,p, is the density of air, L is the latent heat of 
vaporization, c, is the specific heat of air, C, and C,, are experimen- 
tally determined exchange coefficients for water vapor and sensible 
heat, g, and q,, are the specific humidities of the air in contact with 
the sea surface and at 10 m or deck level, T,— 7, is the sea-air tem- 
perature difference, and U,, is the windspeed at 10 m or ship ane- 
mometer height. The equations are based on the assumption of a 
“constant flux” layer in the first few tens of meters above the sea 
surface, which allows the use of routine ship observations rather 
than measurements at the wave-perturbed, air-sea interface. 

The specific humidities required in Equation (4) are not available 
in surface marine weather reports, but can be approximated from 
the relationship between specific humidity, g, and vapor pressure. 
e, expressed in Equation (6): 


(4 

q= ep i (6) 
where e€ is a known constant ratio of the molecular weight of moist 
air to dry air, equal to a value of 0.622. We assumed constant values 
for density p,=1.22 kg/m’, latent heat of vaporization, 
L=2.45 x 10° J/kg, and specific heat of air, c,= 1.00 x 10° J/kg per 
°C, and expressed the empirical exchange coefficients C,; and C,,, 
referred to the 10 m level, as constants equal to 0.0013 (Kraus 
1972; Coantic 1974°; Anderson and Smith 1981). Substitution of 
these values and Equation (6), with P= 1,013.25 mbar, into Equa- 
tion (4) yields the following formulae: 


0,-=2.38(0.98e,, —e,) Uo (7) 
O-=1S9Ce— TF) Oo: (8) 


The saturation vapor pressure over pure water at the sea surface 
temperature, e,(mbar), was computed from a formula given by 
Murray (1967) and multiplied by 0.98 to account for the effect of 
salinity (Miyake 1952). 

Long-term monthly mean heat exchange components were com- 
puted from all available reports between 1921 and 1972 within each 
1° square area. The appropriate average is defined in Equation (9): 


n 


Y (Qs, s,Q, Qc, Qn); (9) 
i=] 


Z— 


( Os, Oe, Oc, Ox) = 7] 
where 77 is the total number of reports within a particular 1° square 


3Coantic, M. 1974. Formules empiriques d’evaporation. Note de la Con- 
vention C.N.E.X.0./1.M.S.T. No. 74/951, 24 p., Xerox. 


area and month. The values (Q;, Q;, Q-, Qc, Qy); were evaluated 
according to Equations (2), (3), (7), (8), and (1), respectively. Each 
individual report was weighted equally. Therefore, the mean values 
of the heat exchange components for each long-term month and 1° 
square are formed from a data set which is independent of all other 
months and squares. 

Monthly mean heat exchange fields are presented in Appendix I 
and include incident solar radiation corrected for cloud cover and 
reflection, Q, (Charts 1 to 12); effective back radiation, Q, (Charts 
13 to 24); latent heat flux, Q, (Charts 25 to 36); sensible heat flux, 
QO. (Charts 37 to 48); and net heat exchange across the airsea inter- 
face, Oy (Charts 49 to 60). No attempt has been made to smooth the 
fields, either by removing data which do not appear to fit the distri- 
butions or by applying objective smoothing procedures. The mean 
heat exchange fields were contoured by computer, and “bull’s- 
eyes” in the contours, even where they may reflect erroneous data, 
were left in the charts as indications of the general degree of con- 
sistency in the composite distributions. 


Error Analysis 


Errors associated with the computations of large-scale airsea 
interaction transfers described in this report reflect 1) nonconform- 
ities in the spatial and temporal distributions of the surface marine 
observations, 2) inadequacies in data quality, and 3) uncertainties 
in the empirical heat exchange formulae. Random and systematic 
errors in the marine surface data primarily result from improper 
instrument calibration and measurement techniques, and inaccura- 
cies introduced by data reduction at sea or in the process of archiv- 
ing different data sets in the common TDF-11 format. These 
sources of error may introduce large variance in the monthly distri- 
butions of surface heat flux which might otherwise be interpreted as 
actual seasonal or nonseasonal variability related to geophysical 
processes. 

The spatial distribution of the TDF-11 reports is known to be 
biased to coastwise and transoceanic shipping lanes between major 
seaports. Figure 2 shows the distribution of total numbers of obser 
vations per 1° square area used in this study for the calculation of 
heat exchange processes. The actual numbers of observations per 
month at each grid point are tabulated in Appendix I and shown as 
auxiliary data in Figures 3 and 4 for the months of July and Decem- 
ber, respectively. The highest density of reports exists in a zone 
along the coast approximately 300 km wide. The largest numbers 
of reports are in the area of the Southern California Bight. The 
numbers of observations per 1° square per month ranged from 7 off 
the coast of Washington in December to more than 2,400 off Los 
Angeles in March, August, and October. The influence of mer 
chant vessel traffic between San Francisco and Hawaii is evident in 
a zone approximately 200 km wide extending offshore, with more 
than 200 observations/mo per 1° square. Approximately 29% of 
the 1° squares contained fewer than 50 observations/mo, primarily 
reflecting the sparse distribution of weather reports between lat. 
20°N and 30°N at distances > 400 km from the coast of Baja Cali- 
fornia. Nearly 40% of the long-term composite means were based 
on between 100 and 500 observations/mo. More than 500 
observations/mo were available in 5% of the 1° squares. 

Nonuniform distributions in time introduce additional bias in the 
sample statistics for the composite monthly mean heat exchange 
processes. Although all acceptable surface marine weather reports 
between 1921 and 1972 were used in this study, approximately 70 
to 80% of the observations were collected after 1950. Therefore, 
the long-term mean values more properly represent estimates for 
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Figure 2.—Distribution of surface meteorological observations per 1° square. 
The contour interval is 2,000 observations. Values >3,000 are shaded. 


the subpopulation extracted from the most recent 23 yr of data 
(1950-72). Seasonal bias is evident in a general tendency for fewer 
observations during winter than in summer, particularly in the 1° 
squares containing <100 observations/mo. The long-term means 
for June and July, for example, are based on approximately twice 
the number of observations as the mean values for December and 
January. However, along the shipping route from San Francisco to 
Hawaii, the summer means are based on from 10 to 20% fewer 
observations than the winter values. Within the relatively densely 
sampled coastal shipping lanes, the observations are approximately 
uniformly distributed in time, and exhibit only a slight tendency for 
the summer bias. 

Inconsistency in the temporal and spatial sampling of surface 
atmospheric properties may introduce moderate to severe aliasing 
in the estimates of long-term monthly mean radiative and turbulent 
heat fluxes. Certain 1° square areas contained a disproportionately 
large number of observations per month with respect to the sur 
rounding squares (Fig. 2). For example, the means for the 1° 
squares located at lat. 40°N, long. 124°W; lat. 46°N, long. 
124°W; and lat. 48°N, long. 125°W were primarily based on 3- 
hourly surface observations collected at the Blunts Reef, Columbia 
River, and Umatilla Lightship stations from 1970 to 1972. We 
noted a greater than order of magnitude increase in the numbers of 
observations per year, from <100 to more than 1,000, at these loca- 
tions beginning in 1970. According to Quayle’, the lightship data, 
which may be of questionable quality, were not normally archived 
in the TDF-11 file and may have been included as the result of spe- 
cial contractual requests for these observations. Additional regions 
of dense spatial and temporal sampling at lat. 32°N, long. 124°W 
and lat. SO°N, long. 136°W exist as a result of the U. S. Navy radar 
picket ship program from 1960 to 1965. A particular consequence 


4R. G. Quayle, Chief, Applied Climatology Branch, National Climatic Center, 
NOAA, Asheville, NC 28801, pers. commun. April 1981. 


of these station-specific biases will be discussed in considering 
errors associated with computations of latent heat flux. 

Areal averages of track-specific data, such as the TDF-11 
reports, may be aliased if regions of relatively large spatial or tem- 
poral gradients are undersampled along narrow shipping lanes. It 
should be noted that this type of bias is not unique to the California 
Current region, and may be present in the summaries of Bunker 
(1976) and Hastenrath and Lamb (1978), who also used data from 
the TDF-11 file for computations of surface heat flux. Weare and 
Strub (1981) suggested that spatial and temporal biases in surface 
marine atmospheric data may contribute as much as 10% of the var 
iance in long-term monthly mean flux estimates averaged over 5° 
squares. By averaging over 1° squares, we expect that the mean 
deviations resulting from spatial bias within a 1° square should 
contribute substantially <10% to the long-term variance. Tempo- 
ral biases in the long-term monthly means caused by nonuniform 
sampling within a month or by strong diurnal variations in surface 
atmospheric properties, e.g., cloud cover, should be similar to the 
estimates calculated by Weare and Strub (1981). These biases may 
contribute the same order of magnitude variance as errors associ- 
ated with random or systematic measurement and archiving errors 
and uncertainties in the bulk formulae. 

Calculations of net short-wave radiation, Q,, reflect uncertainties in 
the estimates for cloudless sky radiation and sea surface albedo and an 
inability to accurately parameterize the combined effects of cloud 
amount, type, height, thickness, and opacity on insolation. We previ- 
ously discussed the errors in estimating insolation under clear-sky and 
cloudy conditions based on studies conducted by Reed (1977) and 
Simpson and Paulson (1979). The uncertainties in Payne’s (1972) val- 
ues for sea surface albedo range from <7% for solar altitudes >25° to 
25% for low solar altitudes, and may contribute from <0.5 to 10% of 
the error in individual estimates of Qs. 

The monthly distributions of insolation discussed in this report 
are based on values computed from individual reports of total cloud 
amount. This procedure assumes that a single estimate of cloudi- 
ness, regardless of time of day, is representative of the daily mean 
cloud cover. Synoptic meteorological observations are usually 
reported at 0000, 0600, 1200, and 1800 Greenwich Mean Time 
(GMT), which correspond to 1600, 2200, 0400, and 1000 Pacific 
Standard Time (PST). Even if equal numbers of reports were avail- 
able from all four synoptic periods, which is certainly not the case, 
one-half of the estimates of cloud amount would be from nighttime 
observations. Alternatively, if only daytime estimates of cloud 
amount were used, as suggested by Tabata (1964), then the number 
of observations would be reduced by a factor of 2 or more, because 
in certain 1° squares nighttime observations predominate. 

If the distribution of cloud amount during a 24-h period is uni- 
form, then either daytime or nighttime observations may be used to 
reliably estimate the mean daily cloud amount. However, Tabata 
(1964) and Weare and Strub (1981) have shown a tendency for day- 
time estimates of cloud cover to be 0.1 greater than nighttime esti- 
mates at OWS-P and for a 5° square near the coast of Baja 
California. Further difficulties in correcting insolation for cloudi- 
ness are caused by the primitive nature of observing and reporting 
from ships. Because observations of total cloud amount are 
reported in oktas, or in tenths converted to oktas, random errors of 
0.125 (1 okta) in individual estimates of cloud amount can be 
expected. Reed (1977) also suggested the possibility of up to 0.20 
positive bias in visual estimates of cloud cover in comparison with 
satellite-derived values. An error of 0.125 in the linear cloud factor 
in Equation (2) would produce errors in short-wave radiation rang- 
ing from 8 to 10% for cloud amounts <0.4 to 18% for total over 
cast. We estimate that the error in the long-term mean radiation 
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Figure 3.—Standard errors of the means and numbers of observations for July. The standard error of the mean for net heat exchange is plotted in units of W/m? and 
contoured at intervals of 5.0 W/m2. The number of observations used to compute the monthly mean in each 1° square is displayed below the value for the standard 
error. 
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Figure 4.—Standard errors of the means and numbers of observations for December. The standard error of the mean for net heat exchange is plotted in units of W/m? 
and contoured at intervals of 10.0 W/m2. The number of observations used to compute the monthly mean in each 1° square is displayed below the value for the 
standard error. 


values shown in Appendix I (Charts 1-12) lies within 10% or 
approximately +25 W/m? for typical summer values exceeding 
250 W/m? in the 1° squares adjacent to the coast. Where the means 
are based on only a few observations per long-term month (1.e., 
fewer than 10), the uncertainty may be larger. 

Most of the empirical formulae for computations of effective 
back radiation, Q,, have been derived for overland conditions. Few 
verifications of the accuracy of the formulae have been made at sea. 
Comparisons between direct measurements of Q, and predicted 
values based on Equation (3) in midocean and coastal regions 
established an upper bound on the accuracy of +20 W/m? or 
approximately 20% of the observed daily mean net long-wave flux 
(Simpson and Paulson 1979; Reed and Halpern 1975). 

The principal error in estimating Q, again arises from uncertainties 
in the cloud correction term. However, net long-wave flux under clear 
skies may also depend on the distributions of temperature and humidity 
above the constant flux layer (Charnell 1967), which are not parame- 
terized by the empirical formulae. The effect of neglecting humidity 
variations in the lower atmosphere may be comparable with that of var 
iable cloud cover. Measurement errors in sea surface temperature, 7,, 
and near-surface vapor pressure, e,, of 1°C and 1 mbar, respectively, 
contribute <3% to uncertainties in estimates of effective back radia- 
tion. However, an error of 0.125 (1 okta) in estimating total cloudiness 
introduces a relative error that ranges from <10% for low cloud 
amounts to more than 50% for high values of cloudiness. Thus, empin- 
cal formulae which have been derived for average conditions may not 
necessarily hold for estimates based on only a few observations. As the 
numbers of observations increase, the contnbution of random errors 
will generally decrease, which suggests that the accuracy of the long- 
term mean net long-wave fluxes predicted from Equation (3) lies well 
within the 20% bound estimated by Simpson and Paulson (1979). In 
the California Current region, the loss of heat due to net long-wave flux 
varies from 20 W/m offshore to 50 W/m? near the coast (Charts 13- 
24). The associated maximum errors would range from +4 to + 10 W/ 
m. 

In western boundary current regions (Husby and Seckel 1975) 
and in the North Pacific trade wind zone (Seckel 1970), oceanic 
heat loss due to evaporative processes typically equals and often 
exceeds the heat gain due to incident solar flux. Along the west 
coasts of continents, however, latent heat flux is approximately the 
same order of magnitude as the effective back radiation, which is 
approximately a factor of 2 smaller than the incoming short-wave 
radiation. Near the west coast of the United States during summer, 
latent heat flux decreases by an order of magnitude and therefore 
may be more comparable in absolute magnitude with sensible heat 
flux. Although computations of latent heat flux from the bulk aero- 
dynamic formula may contain large relative errors ranging from 20 
to 60% (Clark 1967), the effect of data uncertainties on latent heat 
and net heat exchange computations may not be as serious as in the 
studies of Seckel (1970) and Husby and Seckel (1975). 

The accuracy of latent and sensible heat flux computations is 
affected by uncertainties in the magnitudes of the experimentally 
determined turbulent transfer coefficients, C, and C,,, and measure- 
ment errors in observations of sea, air, and wet-bulb temperatures 
and windspeed in the constant flux layer. Errors are also introduced 
if the assumptions which form the bases for the empirical formulae 
are not properly satisfied. Values of the neutral exchange coeffi- 
cients referred to the 10 m level, as summarized by Friehe and Sch- 
mitt (1976), range from 0.0010 to 0.0016 with typical uncertainties 
of +20%. Variations in atmospheric stability and the assumption 
that the transfer coefficients for heat and water vapor are equal and 
independent of windspeed, increase the uncertainty in the magni- 
tudes of the derived turbulent exchange processes. 


Bunker (1976) compared monthly averages of surface meteoro- 
logical observations obtained from merchant vessels within sub- 
areas surrounding ocean weather stations (OWS) with 
corresponding means formed from the assumed higher quality 
OWS data. Based on comparisons using more than 500 observa- 
tions, the 95% probability departures for air, sea, and dewpoint 
temperatures were 0.15°, 0.12°, and 0.27°C, respectively. In our 
study, 95% of the 1° square means are based on fewer than 500 
observations/mo, and for 55% of the mean values, the numbers of 
observations are < 100. The standard errors of temperature corres- 
ponding to these long-term means are 0.3°, 0.2°, and 0.5°C. For 
averages formed from < 10 observations, uncertainties in the mean 
temperatures typically can be >1°C and may exceed 2°C. 

The magnitudes of the errors vary as a function of instrument cal- 
ibration, observing technique, and the reporting schemes used in 
the historical data files. For example, temperature values in Decks 
110 and 281, U. S. Navy observations 1920-51, were originally 
recorded to the nearest whole degree Fahrenheit, and later con- 
verted to degrees and tenths Celsius; whereas the temperatures 
archived in Decks 118 and 119, Japanese ship observations 1937- 
60, were reported to the nearest whole degree Celsius. Therefore, 
the temperature values derived from these decks, which constitute 
18% of the total observations, contain an additional uncertainty of . 
+0.5°C (Husby 1980). Because of large uncertainty in random 
sampling errors, we have not corrected observations of sea surface 
temperature for a possible systematic bias of 0.7°C in engineroom 
injection temperatures (Saur 1963) or measurements of air tempera- 
ture and wet-bulb temperature which may be modified by ship- 
induced air flow distortion at the 10 m level (Holland 1972). 

Temperature errors contribute directly to uncertainties in estimat- 
ing sensible heat flux and indirectly affect calculations of latent 
heat flux by introducing errors in the sea-air vapor pressure differ- 
ence. Average deviations of 0.2°C in sea-air temperature difference 
result in relative errors in sensible heat flux which decrease from 20 
to 4% for temperature differences which increase from 1° to 5°C. 
A more characteristic temperature departure of 0.5°C introduces 
relative errors which decrease from 50 to 10% for similar sea-air 
temperature differences. For monthly mean sea-air temperature dif- 
ferences of 1°C and windspeeds of 6 to 7 m/s, errors of +1 to +5 
W/m may be expected for sensible heat fluxes of 10 W/m?. 

An error of 0.5°C in sea surface temperature results in errors in 
the saturation vapor pressure over water which vary from 0.4 mbar 
at 10°C to 1.0 mbar at 25°C. Comparable errors occur in estimates 
of vapor pressure of the air due to erroneous psychrometric mea- 
surements. Long-term mean sea-air vapor pressure differences over 
the California Current region generally lie between 1.0 and 5.0 
mbar. However, in the area off southern Baja California during fall 
and winter, high sea surface temperatures and relatively colder and 
drier continental air combine to produce sea-air vapor pressure dif- 
ferences exceeding 15 mbar for individual observations. Mean dif- 
ferences are generally <10 mbar. Therefore, the possible error in 
computations of latent heat flux may be relatively large. For aver 
age deviations of 0.5 mbar, the uncertainty ranges from <4% for 
large vapor pressure differences to more than 40% at low values. 
The error associated with monthly mean values of Q, between 50 
and 100 W/m? would be approximately + 10 W/m?. 

In Equations (7) and (8), the vertical fluxes of heat and water 
vapor have been parameterized as a function of the observed wind- 
speed, U,,. Nelson (1977) discussed the sources of error in wind 
reports in the TDF-11 data file and also determined that < 12% of 
the total wind reports consisted of measured, as opposed to esti- 
mated, quantities. Approximately 35 % of the reports from the Cali- 
fornia Current region consisted of Beaufort wind force estimates 


which were converted to equivalent 10 m windspeeds in knots and 
meters per second according to the international scale of 1946 (see 
List 1949:119). The standard deviation of the overall error of an 
estimated windspeed amounts to 0.58/, where / is the Beaufort 
interval (Verploegh 1967), and corresponds to +0.7 to +2.4 m/s 
for equivalent windspeeds of 0.9 m/s to 30.5 m/s. The remaining 
53% of the observations were estimated windspeeds which did not 
agree numerically with the Beaufort wind force scale but typically 
were originally reported in 5-kn intervals for windspeeds > 20 kn. 
Therefore, the possible error associated with these estimates is 
approximately +1.3 m/s. An error of 1 m/s in estimating wind- 
speed results in equivalent changes in the rates of evaporation and 
sensible heat transfer of 10 to 20% for the mean windspeeds of 5 to 
10 m/s most commonly observed in the California Current region. 

In using the historical surface marine weather reports, we have 
assumed that the wind observations were taken at a standard height 
of 10 m, or that the Beaufort force estimates were equivalent to 
windspeeds measured at this height. For surface winds which have 
been measured by shipboard anemometers, this assumption can be 
grossly inaccurate, since known anemometer heights vary from 7 to 
37 m, the mean height being 21 m (Cardone 1969). If anemometer 
heights were known for the vessel reports comprising the 12% of 
the total observations which were measured as opposed to esti- 
mated quantities, a neutrally stable logarithmic wind profile could 
have been used to correct each observation from the measurement 
height to the 10 m reference level. Except for the relatively few 
anemometer heights from military and research vessels listed in 
Cardone’s report, the anemometer heights for reports in the TDF- 
11 file cannot be readily determined. By assuming that windspeeds 
have been measured at 10 m, we possibly overestimate the turbu- 
lent fluxes by 12% for winds actually measured at 37 m and under- 
estimate the fluxes by 3% for measurements taken at 7 m. 

Conclusive verification of the derived rates of sensible and latent 
heat transfer and the associated accuracies of the bulk formulae has not 
been possible owing to the lack of extensive direct, over-water mea- 
surements of the temperature and moisture fluxes. On the basis of 30 
eddy flux measurements of water vapor, Fnehe and Schmitt (1976) 
concluded that latent heat flux is adequately described by the bulk for 
mula (Equation (4)) with an uncertainty of 15 W/m? (standard devia- 
tion). The more numerous determinations of sensible heat flux also 
conform to the empirical equation with an uncertainty of approxi- 
mately 3.8 to 8.4 W/m? (standard deviation). However, the direct mea- 
surements of sensible heat flux show a dependence on atmospheric 
stability and indicate a small positive flux of approximately 0.15 W/ 
m_*, even when the value predicted from the term, (7,-T,,)U,o, is zero. 
Although Laevastu’s (1960) equation for the turbulent transfer of sensi- 
ble heat predicts a nonzero flux for U,,= O m/s (but not for (7,- 
T,)=0°C), the expected values from the more commonly used 
formula (Equation (5)) may include a 1 to 2% bias in addition to ran- 
dom measurement errors. The results of Anderson and Smith (1981) 
generally confirm the bulk formulae with uncertainties of +10 to 
+25%, and demonstrate the applicability of Equation (4) to negative 
fluxes of water vapor (i.e., condensation). 

Equations (7) and (8) are generally used to parameterize the loss 
of heat from ocean to atmosphere due to evaporative and convec- 
tive processes. The reverse processes of condensation and sensible 
heat transfer to the sea are also predicted by the formulae. Negative 
values of (T7,-T,) are commonly measured in eastern boundary cur- 
rent regions during periods when coastal upwelling establishes a 
stable atmospheric boundary layer. Comparable negative sea-air 
vapor pressure differences (e,-e,) are not observed as often. Over 
large regions of the oceans, vapor pressure decreases with height, 
although the opposite behavior can occur over cold water areas 


(Roll 1965). Laevastu and Harding (1974) demonstrated a rela- 
tively rapid 5-h response of the properties of the surface air to 
changes in the properties of the sea surface. Therefore, in midlati- 
tude and tropical regions away from coastal boundaries, the maxi- 
mum atmospheric vapor pressure would be expected to correspond 
to the saturation vapor pressure at the sea-surface temperature, and 
evaporation would occur. 


During spring and summer, modification of the atmospheric 
boundary layer by coastal upwelling processes produces stable stra- 
tification which is favorable for the formation of advection fog, 
particularly along the coasts of central and northern California and 
Oregon. When the contrast between warm, relatively moist air 
overlying a cooler sea surface is large, fog may persist even when 
the wind is strong. The resulting downward flux of water vapor 
transfers latent heat from atmosphere to ocean. A downward flux of 
moisture may also exist in a stable boundary layer in the absence of 
fog, as the data of Laevastu and Harding (1974) and Anderson and 
Smith (1981) demonstrate. 


In a study of the heat exhange processes over the North Pacific 
trade wind zone, Seckel (1970) assumed that negative sea-air vapor 
pressure differences were due to erroneous observations of sea sur 
face temperature, vapor pressure of the air, or both, and in such sit- 
uations set the computed latent heat flux equal to 0. Over the 
California Current region, we found that 10% of the usable surface 
weather reports resulted in negative fluxes of latent heat. If these 
values were due to bad observations, then an approximately equal 
number of positive values should also be affected by poor quality 
observations, but we had no a priori reason to reject 20% of the data 
or possibly alias the long-term mean distributions by neglecting the 
rate of heat change through condensation, as Roden (1959) did ina 
previous study of the heat balance of the California Current region. 
However, additional quality control tests were implemented to 
remove unreasonably large negative and positive fluxes of both 
latent and sensible heat. 


Editing procedures consisted of comparing observed surface proper 
ties with the average joint probability density functions of airsea tem- 
perature difference versus windspeed and sea-air vapor pressure 
difference versus windspeed computed from the entire data set. Pairs of 
data values which fell outside a 1% bound of the joint probability den- 
sity estimates were rejected. This method was relatively conservative, 
and <0.5% of the data was removed. The distributions could have 
been trimmed more severely. For example, in an earlier version of the 
flux calculations, we used Seckel’s (1970) method and set the latent 
heat flux equal to zero for negative sea-air vapor pressure differences. 
Companisons of the two sets of values showed that the ratio of the dif- 
ference between the old and new values to the standard error of the 
mean of the recomputed data was consistently < 1.0, except in regions 
within 200 km of the coast during months when coastal upwelling 
occurs. We concluded that our results would not be severely distorted 
by using Equation (8) for computing both positive and negative latent 
heat fluxes, and might be more representative of actual surface layer 
conditions near the coast. 


Our computations indicate an upward flux of latent heat (Appen- 
dix I, Charts 25-36) over the entire California Current region 
except at lat. 40°N, long. 124°W in May, July, August, and Sep- 
tember when the mean fluxes are -0.6, -11.0, -12.1, and -8.7 W/ 
m’, at lat. 41°N, long. 124°W in July and August (— 6.0 and — 0.4 
W/m), and at lat. 43°N, long. 124°W in July (—18.2 W/m). 
Negative (condensation) values may be expected for periods of sev- 
eral hours to a few days; however, it seems unlikely that latent heat 
transfer from atmosphere to ocean would be characteristic in a 
long-term monthly mean sense. 


Even though we may have correctly predicted the relative effects 
of condensation, the magnitudes of the computed values may be in 
error. When latent (and sensible) heat is transferred to the ocean, high 
stability of the air close to the sea surface greatly inhibits turbulent 
transfer, perhaps reducing the flux to <10% of the corresponding 
magnitude for comparable conditions in an unstable boundary layer. To 
test the effects of such a reduction, we recalculated the values for the 1° 
squares adjacent to the coast between Cape Mendocino and Cape 
Blanco and reduced the magnitudes by 90% when the computed latent 
heat fluxes were negative. The resulting long-term monthly means for 
the 1° squares and months indicated above remained small, but posi- 
tive, being <10 W/m? in the mean. 

Spatial and temporal biases also may have affected the calculations 
of latent heat flux. The long-term mean for July in the 1° square off 
Cape Blanco (lat. 43°N, long. 124°W) was computed from only 13 
observations, of which nine values resulted in negative fluxes of latent 
heat. South of Cape Mendocino, observations from the Blunts Reef 
Lightship station consistently biased the long-term means by effec- 
tively weighting the computed fluxes for 1970 and 1971 by an order of 
magnitude more than for any other year By removing the lightship 
data, the negative values of latent heat flux which appear at this loca- 
tion during summer (Chart 29 and Charts 31-33) could have been 
removed, and for July the mean value would have changed from -11.0 
W/m? (condensation) to +5.5 W/m? (evaporation). Although we rec- 
ognized that these biases existed, no attempt was made to systemati- 
cally remove observations from those areas where densely sampled 
station data were apparent. 

There are very few direct measurements of negative fluxes of water 
vapor (latent heat) and none which support a large reduction in the 
transfer across the airsea interface under stable conditions. The data 
reported by Anderson and Smith (1981) suggested only a 12% and at 
most a 50% reduction in the transfer process (see their equations (7) 
and (8)) in a stable as opposed to an unstable boundary layer, for com- 
parable values of moisture flux. Although the magnitudes of latent heat 
flux remain somewhat in doubt, our computations indicate that heat 
losses due to evaporation from the sea surface make a relatively unim- 
portant contribution to the oceanic heat budget during summer in 
regions adjacent to the coast. 

The net heat exchange across the sea surface, Q,, is the difference of 
large numbers. Therefore, the uncertainty in Q, may be substantially 
greater than the errors for the individual exchange processes. For 
example, during July off Monterey, Calif., the average value of Q, is 

197 W/m?. Conservative estimates of the errors in O.(10%), 0,(10%) 
0,(15%), and O-(15%) result in a relative error of 17% in the estimate 
for Qy. At the same location in December, the error in Q,, increases to 
64% fora long-term mean value of -36.7 W/m. 

The accuracy of each of the long-term monthly mean heat flux 
components was independently estimated by computing the stand- 
ard error of the mean defined by: 


SE_=SD,/Vn (10) 
Q 
where SEs , 1s the standard error of the mean for each heat exchange 
commorent (leeiOrOnOr,. On Ox): SDpg Is the corresponding 
sample standard deviation, and n is the number of observations. 
Large values of n and small values of SD, correspond to mean val- 
ues Q which closely approximate the population means. Although 
the computed standard errors reflect observational noise as well as 
nonseasonal variability, the distributions of SE; provide an overall 
view of the reliability of the long-term monthly heat flux estimates. 
Standard errors of the means and the numbers of observations in 
each | ° square area and long-term month are tabulated:in Appendix 
II. The standard errors are largest for Q, and Q, and smallest for O- 
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and Q,. The resulting standard errors of the means for Q,.(SEp,), 
range from 1.3 W/m? at lat. 33°N, long. 118°W in September 
(n=2,259) to 57.6 W/m? at lat. 22°N, long. 120°W in June » 
(n=9). Distributions of minimum and maximum values of SEs 
generally conform to the pattern of observations shown in Figure 2. 

The net heat exchange standard errors and the numbers of obser- 
vations for July and December, respectively, are mapped in Figures 
3 and 4. Minimum values of SE, coincide with the coastwise ship- 
ping lanes stretching from senna Baja California to Point Con- 
ception and with the transoceanic track between San Francisco and 
Hawaii. In the extreme northwest section of the grid, steady west- 
erly winds and minimum sea-air vapor pressure differences contrib- 
ute to low values of SE, in July (Fig. 3). Within these regions, the 
95% probability of departure from the population mean is < 10W/ 
m2 

High values of SEo, occur along and offshore from the coast 
between Cape Mendocino and Cape Blanco (Fig. 3) and in the 
southwest section of the grid, and are associated with regions of 
sparse data, although sporadic sampling of intense winter storms 
may also lead to large values (Fig. 4). Values between 5 and 10 W/ 
nY occur throughout a large portion of the summary area in July. In 
the offshore regions from lat. 21°N to 31°N and from lat. 40°N to 
50°N, 95% probability departures frequently exceed 30 W/m? in 
December. Typical ratios of the standard error to the mean net heat 
exchange (SE, Qn )) range from 0.01 to 0.27 in July, the average 
ratio being 0. 03. In December, large values of SE5. and small val- 
ues of Qy result in ratios which vary in absolute magnitude from 
0.04 to 34.8, with an average value of 0.71. 

In areas outside of the primary shipping lanes, monthly mean dis- 
tributions of Q, are based on approximately equal numbers of 
observations per 1° square. If there are no systematic sampling 
errors, then the relative magnitudes of the computed standard errors 
of the means should be related to the spatial and temporal variabil- 
ity in Qy. Figures 3 and 4 indicate a slight tendency for larger values 
of SE; in the northern section of the grid than in the southern area. 
The seasonal contrast is more apparent. The greater variability 
associated with winter surface atmospheric properties contributes 
to values of SE y which are 50 to 100% larger in December (Fig. 4) 
than in July (Fig. 3), which indicates that a large part of the 
monthly variance in Q, may be due to actual intramonth fluctua- 
tions rather than observational errors. 

Limits on the absolute accuracy of the empirically derived heat trans- 
fers have not been well established by experimental data. Nevertheless 
we feel that the general coherence of the values mapped in Appendix I 
demonstrates that the fields are representative of the expected spatial 
and seasonal vaniability over the California Current region. Small-scale 
features and detail within a single 1° square area which are not sup- 
ported by similar values in surrounding squares probably reflect obser- 
vational “noise” and should be viewed with caution. Smoother 
distributions could have been produced by taking averages over 2° or 
5° square areas as Wyrtki (1965) and Roden (1959) have done. How- 
ever, 1° square resolution was retained to preserve detail in the distribu- 
tions of the individual heat exchange processes, particularly within 300 
km of the coast. The fine spatial resolution may be less meaningful for 
the offshore regions where the decrease in the number of observations 
per averaged value increases the uncertainty in the derived quantities. 


DEPENDENCE OF HEAT EXCHANGE 
ESTIMATES ON COMPUTATIONAL METHODS 


The procedures followed in this study involved computations of the 
heat exchange processes for each weather report, which were then 
averaged to form the long-term monthly mean values. Constant 


exchange coefficients, C; and C,,, were used in Equations (4) and (5) to 
estimate the turbulent fluxes of latent and sensible heat. Different 
results might have been obtained if the radiative and turbulent fluxes 
had been calculated from monthly mean atmospheric properties or if 
the transfer coefficients for the turbulent fluxes had varied with wind- 
speed or atmospheric stability. These aspects are discussed below. 


Exchange Processes Computed from 
Monthly Mean Atmospheric Properties 


Previous summaries of large-scale heat exchange processes have 
used mean monthly values of atmospheric and oceanic properties in 
the empirical formulae, primarily due to the lack of sufficient data 
to perform the calculations on shorter time scales. Malkus (1962) 
has shown that the use of mean monthly values can lead to underes- 
timates of the turbulent heat fluxes. For the sake of comparability, 
we have assembled long-term monthly mean atmospheric proper 
ties (Appendix III) and used these values to recompute the heat 
exchange components. 

Figure 5 shows a scatter diagram of all monthly gridpoint values of 
net heat exchange computed using mean monthly properties, O,(M ), 
versus the mean monthly net heat exchange computed from the individ- 
ual synoptic weather reports, Q,(/). The slope of the least-squares 
regression of Q,(M ) on Q,(/) is 1.02 and the coefficient of determina- 
tion (R?) between the two data sets is 0.99. Because the correlation for 
this regression may be artificially inflated by the seasonal cycle in both 
data sets, linear regressions were computed by month for each of the 
heat exchange components. Table | lists the coefficients of determina- 
tion, significant above the 99% level, and slopes of the regression 
lines, each of which is based on 300 pairs of observations. 

The mean heat transfers computed from the individual surface 
weather reports show a high degree of correlation with those computed 
from mean monthly atmospheric and oceanic properties. The highest 
correlations are found for Q, and Q, (R’?>0.99). The regressions for 
Q, show the lowest correlations and the greatest degree of seasonal var 
lability (0.88 < R? <0.96). 

The slopes of the regression lines provide an estimate of the average 
differences between values of the radiative and turbulent fluxes com- 
puted by the two methods. The largest deviations occur for incident 
solar radiation. The monthly values, O,(M), are from 1 to 18% larger 
than corresponding estimates, Q,(/), based on synoptic reports. A simi- 
lar relationship between Q,(M) and Q,(/J) has been demonstrated by 
Seckel (1970) and Husby and Seckel (1975). The correlations for latent 
and sensible heat exchange show that computations which use monthly 
mean properties consistently underestimate the turbulent fluxes by 1 to 
8% for QO, and 3 to 13% for Q-, although in August, September, and 
October, the O,(M) values are approximately 1% larger than Q,(J). 
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Figure 5.—Linear regression of monthly net heat exchange values computed 
from mean monthly meteorological properties, Q,(M), versus monthly net 
heat exchange computed from individual reports, Q,(I). Units are W/m2. The 
correlation coefficient is R = 0.997 and the coefficient of determination is R? = 
0.994. The dashed diagonal line represents the regression equation 
Qy(M) = 2.598 + 1.023 Qy (1. 


These differences are comparable with values of about 7% discussed 
by Malkus (1962) and are within the uncertainties of the determina- 
tions discussed earlier. 

Estimates of net heat exchange computed by the two methods are 
well correlated (0.95 < R? <0.98). Slopes > 1.0 indicate that the values 
based on monthly parameters, Q,(M), are consistently more positive 
than the monthly averages of individual estimates, Q,(/), although this 
generalization is not valid for all areas in all months. Distributions of 
the ratio Q,(M)/Q,(/) are shown in Figures 6 and 7 for July and 
December, respectively. In July the values for Q,(M) are approximately 
3% greater than those for Q,(/), except near the coast of southern Baja 
California, between Point Conception and Cape Blanco, and off Van- 
couver Island. The use of long-term monthly mean atmospheric prop- 
erties results in 5 to 10% higher oceanic heat gain in these regions 
compared with the monthly means of synoptic estimates. During 
December, the ocean loses heat over the entire California Current 
region (Chart 60). Values of Q,(M)/Q,(1)<1.0 occur over approxi- 


Table 1.—Monthly values of coefficient of determination (R?) and slope (B) of regression line for linear regres- 
sions between heat exchange components (Qs, Qg, Op, Qc, Qy) estimated from monthly mean atmospheric 
properties, Q(M) and those computed from individual reports, Q(/). 


Jan. Feb. Mar. Apr. May 


June July Aug. Sept. Oct. Nov. Dec. 


0 0.997 0.993 0.991 0.991 
B 1.016 1.028 1.051 1.079 1.164 
o, © 997 998  .998  .997 998 
B 1.003 1.000 1.003 1.003 .995 

o, ® 954 968 .975 .986 .986 
2 iy 929.923 .961 .988  .987 
o. © 934 881 .927 .924 .945 
NE, 953 865 .939 .946 .966 
0, © 970 .957 .958 952 .956 
'B 1.018 1.029 1.048 1.086 1.049 


0.991 
1.181 
-998 -999 -998 996 995 -997 -997 
-993 -992 -989 987 
-980 974 962 971 -972 970 -963 
-985 -988 
955 -963 -955 948 931 941 -909 
-953 -944 .966 -926 943 -960 -926 
963 979 -958 962 974 -980 -965 
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Figure 6.—Spatial comparison of net heat exchange values for July, estimated from mean monthly surface meteorological properties, Q,(M), versus that computed 
from individual reports, Q,(1). The nondimensional ratio Q,(M)/Q,(1) is plotted and contoured at intervals of 0.05. 


131138 129 128 127 126 125 124 123 122 121 120 119118 117 116 115 114 113 112 111 


Sel 1.03 1 aa: a. 95, Me 5 

rea te i mate NOAA Ag 

| eran NATIONAL MARINE FISHERIES SERVICE 

48 Gi ae 1.05: f.98: 0.90 PACIFIC ENVIRONMENTAL GROUP Ve 
A scene RS ely (el sa aa i i 22 MONTEREY, CALIFORNIA 

47 ' ' \ o. s B. 97 o. 99) @.96: 02 ls ar fis oe Ie 13 1.43) A7 
2 an I CSN CH RE OE TE NET HEAT EXCHANGE 


B 1.89: 1.18, VL. TL! 1.15! 1.83: 


ieee ene Fr | PRAT LOMIGNGMN/ONGTN | big 


44 : ‘ <QU 0.97 0.96) 0.95) B. 


LONG TERM MEAN 


43 CAPE BLANCO FOR Az 
‘alin DECEMBER Ve 
41 41 
ud Ag 
39 39 
be | 9.99) 0.93, 39 
9.95) 0.88) 6.98 x 

89. 0.76 0.78 oe : 36 


Be ae Selo eo 6 ato OS eee SS aee emacs Serpe 


35) ‘ 1. 818.93) 0.94: 0.82 | B.78: 0.87: B.37: CONC 85 
agent eS na. Gia 9.47\ 0.58) 0.56) B.50 54 
33 ie piberter celetbers aay itd eh eins | B.79) B3 
31 31 


UNA WAN Rea Seti 2 
oe 8.85) 0.52) 0.55: 
we 1 


oI declo soe deseo 


| 1.15! 1.24: 8.97: 8.48: 9.60! 


ae ea ea Gey 
Za 1.56 ee Bys9) 0.45: 8,94) 2.71: B.8522 
FSSS SS Set Up Sette ade See a eee Sa a cal cit ain sana ce laine Foe eth feiss IIE J ak ys pogekets tales Fe 
pt Tepah OU MN em QR SINAN COS Fie nad tonya meee: tae 3 les Ae Nae a 1.32 


137 136 135 134 133 132 131 130 129 126 127 126 125 12 


Mm 
& 
IN 
Ww 


L222 19 118 WW (ERIS RUA ee 


Figure 7.—Spatial comparison of net heat exchange values for December, estimated from mean monthly surface meteorological properties, Q,(M), versus that com- 
puted from individual reports, Qy(I). The nondimensional ratio Qy(M)/Qy(1) is plotted and contoured at intervals of 1.0. 
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mately 60% of the data grid (Fig. 7) and imply less oceanic heat loss 
for the flux estimates computed from monthly mean vanables. Higher 
heat loss would be expected over a large area adjacent to the Pacific 
Northwest. The high linear correlations between heat exchange com- 
ponents estimated from monthly mean atmospheric properties and 
those computed from synoptic reports imply that the principal spatial 
and temporal patterns evident in the charts in Appendix I are indepen- 
dent of the averaging methods used to compute the monthly mean 
fluxes. 


Effects of Variable Exchange Coefficients 


The empirical formulae which have been applied to studies of 
large-scale turbulent latent and sensible heat transfer vary primarily 
in the form of the exchange coefficients which have been used. In 
the derivations of the bulk aerodynamic formulae, it is usually 
assumed that the coefficients C; and C, are constants, approxi- 
mately equal to the drag coefficient, C,, for momentum transfer 
(Roll 1965). For example, Kraus (1972) suggested the value 
C,=C,=Cp=0.0013. In recent years, however, a great deal of 
effort has gone into the determination of these bulk exchange coef- 
ficients and their dependence on windspeed, atmospheric stability, 
and the aerodynamic roughness of the sea surface as a function of 
the spectral shape of the ocean wave field (Davidson 1974). Until 
these coefficients have been accurately determined for all combina- 
tions of stability, windspeed, and sea conditions, the bulk exchange 
formulae are best regarded as dimensionally correct parameteriza- 
tions which need further experimental verification (Pond 1975). 

Busch (1977) discussed the results of recent research and descnbed 
the work of Fnehe and Schmitt (1976), who compiled data from sev- 
eral sources, including their own, and found that the exchange coeffi- 
cient for the turbulent flux of latent heat was well described by 
C,= 1.32 x10° +0.07x10°. The coefficient for sensible heat transfer 
could be approximated by C,,= 1.41 10*°+0.02 10° over wider 
ranges of windspeed and sea-air temperature differences. Their analy- 
ses suggested that the coefficient, C,, was constant and larger than that 
for sensible heat transfer, C,,, for equivalent windspeeds, and demon- 
strated a dependence of C,, on atmospheric stability and windspeed. An 
extensive review of comparable data for momentum transfer (Garratt 
1977) substantiates the windspeed dependence for the drag coefficient, 
Cp. The dependence of the transfer coefficients on atmospheric stabil- 
ity has been predicted by Deardorff (1968). Based on theoretical con- 
siderations and a review of experimental data, Coantic (footnote 3) 
recommended the values, C;=C,,= 1.3x10° for windspeeds < 10 m/s 
and C;=C,=(1.0 + 0.05U\9) x10° for the range, 0< U;,<20 m/s. 
Eddy flux measurements discussed by Anderson and Smith (1981) 
indicated a positive windspeed dependence for the neutral evaporation 
coefficient, C;=(0.55+0.083 U,») x 10°, for windspeeds of 5 to 11 
m/s. No dependence of C; on atmospheric stability was observed, 
although this result may have been influenced by the lack of numerous 
direct measurements in stable conditions. The corresponding tempera- 
ture flux data showed a 40 % increase in the coefficient for sensible heat 
transfer from C,=0.82x10° in a stable boundary layer to 
C,,= 1.12x10° for unstable conditions. Because there is large scatter in 
Open ocean determinations of C; and C,,, lack of agreement among 
individual observers, and a tendency for uncertainties in the flux esti- 
mates introduced by errors in the observed atmospheric properties to be 
larger than errors caused by variations in the exchange coefficients, we 
assumed identical and constant values for C; and C,, in this study. 

To investigate the possible effects of variable exchange coeffi- 
cients on the turbulent transfer processes, the monthly mean fields 
of latent and sensible heat flux have been recomputed, and the con- 
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stant values C, and C,, in Equations (4) and (5) were replaced by 
coefficients which varied with windspeed and atmospheric stabil- 
ity. The linear relationship proposed by Coantic (footnote 3) was 
used to define the windspeed dependence of C,; and C,,, and Dear- 
dorff’s (1968) empirical expressions, which are functions of the 
bulk Richardson number (Ri);, were adopted to parameterize the 
dependence of the exchange coefficients on stability. Neutral stabil- 
ity was assumed when the absolute value of the airsea temperature 
difference was <1°C and the available data were further reduced 
by restricting the calculations to the range -0.2 <(Ri),<0.1. In the 
following discussion we consider only the calculations for latent 
heat flux. Complete details will be reported elsewhere. 

The combined effect of windspeed and atmospheric stability was 
computed as a percentage increase (decrease) in the magnitude of 
the monthly mean latent heat flux above (below) the corresponding 
value computed with a constant coefficient. Values corresponding 
to the percentage differences for June and December, respectively, 
are displayed in Figures 8 and 9. In June, the average percentage 
increase is between 10 and 15%, although in the region of the wind 
stress maximum between Point Conception and Cape Blanco (Nel- 
son 1977), the computed increase may be larger than 25%. The cor 
responding evaporative heat loss increases from approximately 45 
to 56 W/m?. The winter distribution (Fig. 9) shows an alongshore 
gradient. South of Point Conception the average percentage 
increase is approximately 15%, while in the region adjacent to the 
Pacific Northwest differences >40% might be expected. 

The principal difference between estimates of latent heat flux 
computed with a variable as opposed to a constant exchange coeffi- 
cient, C,, is caused by the windspeed dependence of C;. Additional 
analyses were performed to identify the relative effects of atmo- 
spheric stability and windspeed. The results for June suggest a 10 to 
20% increase in latent heat transfer due to the dependence of C, on 
windspeed. Stability effects account for <5% of the overall 
change. Higher windspeeds and unstable conditions associated 
with transient winter storms produce larger differences. Stability 
effects account for a 10 to 15% increase in latent heat flux during 
winter, and the windspeed dependence of C, contributes between 5 
and 25% of the difference. The relative differences between esti- 
mates of latent heat flux computed with a constant exchange coeffi- 
cient as opposed to a coefficient which depends on windspeed and 
stability, are larger than values of <5% reported by Dorman et al. 
(1974) at OWS-N, but more consistent with increases of 6 to 15% 
discussed by Husby and Seckel (1975) for OSW-V and with results 
for the North Pacific trade wind zone described by Seckel (1970). 


SEA LEVEL OCEAN-ATMOSPHERE 
PROPERTIES AND THEIR 
SEASONAL VARIABILITY 


The predominant factors influencing the seasonal variations in the 
airsea interaction processes of the California Current region are the 
seasonal movements and changes in intensity of the subtropical high 
pressure system and the continental low pressure system and variations 
in the properties of the waters of the California Current. The variations 
in the atmospheric pressure centers modify the surface wind field and 
the distribution of cloud cover, and, through the action of the surface 
wind stress, induce upwelling at the coast during summer. Upwelling 
has a marked effect on the climate along the west coast of North Amer 
ica (Smith 1968). 

Figure 10 shows the average monthly sea level atmospheric pressure 
distributions over the eastern North Pacific Ocean and the west coast of 
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Figure 8.—The effect of a variable exchange coefficient (C,) on computations of latent heat flux (Q,) for June. Plotted values are the percentage increase (decrease) in 
latent heat flux above (below) that computed with a constant exchange coefficient. The contour interval is 10.0. Negative values are shaded. 
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igure 9.—The effect of a variable exchange coefficient (C;,) on computations of latent heat flux (Q;) for December. Plotted values are the percentage increase 


(decrease) in latent heat flux above (below) that computed with a constant exchange coefficient. The contour interval is 10.0. 


Figure 10.—Mean monthly atmospheric sea level pressure (mbar) over the eastern North 
Pacific and the west coast of North America during February, May, August, and November. 
The contour interval is 2.5 mbar (after Reid et al. 1958). 


North America during 4 mo of the year (adapted from Reid et al. 
1958). During spring and summer (May and August) the subtropical 
high reaches its maximum northward position and maximum pressure, 
and at the same time a thermal low pressure system develops over Cali- 
fornia and Anzona. The large high pressure area shunts migratory 
cyclones, which pass across the coasts of Washington and Oregon in 
the fall and winter, well to the north. For winds in geostrophic balance, 
the surface wind blows parallel to isobars as indicated by the arrow 
barbs on the isobars. Frictional effects in the planetary boundary layer 
deflect the surface winds toward low pressure. The composite monthly 
mean windspeed distributions for June and December, respectively 
(Figs. 11, 12) illustrate the character of seasonal changes in the surface 
wind field. During summer (Fig. 11), the region north of lat. 40°N 
shows relatively low windspeeds of 6 to 7 m/s over almost the entire 
area. Maximum windspeeds in excess of 9 m/s are found off Cape 
Mendocino. This offshore maximum is aligned parallel to the coast and 
maxima can be traced to the south as far as Punta Eugenia, at a distance 
of about 200 to 300 km from the coast. In contrast, during winter strong 
onshore winds north of lat. 40°N (Nelson 1977) blow at speeds of 9 to 
11 m/s, while the area to the south experiences speeds of 5 to 8 m/s, 
with a somewhat disorganized pattern (Fig. 12). 

During the summer, relatively strong alongshore equatorward 
winds induce an offshore transport of surface water due to the rota- 
tion of the earth acting upon the oceanic response to equatorward 
wind stress. Conservation of mass requires replacement by conver- 
gence in the equatorward surface flow or compensation from 
below, giving rise to an upwelling of water from intermediate 
depths along the coast. This upwelling forms a large area of rela- 
tively cold water along the coasts of Oregon and California. Fig- 
ures 13 and 14 show the long-term composite sea surface 
temperature fields for the months of June and December, respec- 
tively, which have been computed from historical surface marine 
data. The California Current brings relatively cold, freshwater 
along the west coast of the United States as a branch of the North 
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Pacific Current, which is deflected to the south by the North 
American continent. In December (Fig. 14) the coldest water is 
found at the northernmost latitudes, but as the current is deflected 
to the south the isotherms bend to the south and colder water is 
found along the coast relative to the water farther offshore. As the 
water continues south it is warmed by mixing with warmer water 
offshore and an increase in solar radiation. In June (Fig. 13) cold 
water is evident at the northerly latitudes, but a large area of cold 
water (11°-13°C) exists along the coasts of Oregon and northern 
California. Another region of relatively cool water is found near the 
coast of Baja California, north of Punta Eugenia. Such conditions 
persist off Oregon and northern California through September. 
During the summer, the only possible source for this cold water is 
from below, because warmer sea surface temperatures occur to the 
north. 

Nelson (1977) described the seasonal variation of the alongshore 
component of wind stress and discussed the northward progression of 
the maximum alongshore wind stress from Apmnil and May off the coast 
of Baja California to July and August off Cape Mendocino and Cape 
Blanco. The movement of this alongshore wind stress maximum, 
which is an indicator of conditions favorable for upwelling, is the result 
of the northward shift and strengthening of the subtropical high pres- 
sure center and the coincident development of the continental thermal 
low. An important characteristic of this dome of high pressure is that 
the atmospheric circulation around the eastern edge of the system is 
divergent and large-scale subsidence occurs. The combination of the 
large-scale subsidence of warm air from aloft and the upwelling of cold 
water along the coast results in the formation of a strong low-level 
inversion in the marine atmospheric boundary layer This inversion 
suppresses deep cloud formation and greatly inhibits precipitation. The 
effect of the large-scale subsidence is noted in the true desert climate of 
Baja California, particularly south of Punta Eugenia, and in the almost 
complete lack of rainfall along the coasts of California and Oregon dur 
ing summer. Within 10 to 20 km of the coast, upwelling influences the 
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Figure 11.—Long-term composite monthly mean windspeed (m/s) distribution for June. The contour interval is 1.0 m/s. 
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Figure 12.—Long-term composite monthly mean windspeed (m/s) distribution for December. The contour interval is 1.0 m/s. 
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Figure 13.—Long-term composite monthly mean sea surface temperature (°C) distribution for June. The contour interval is 1.0°C. 
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Figure 14.—Long-term composite monthly mean sea surface temperature (°C) distribution for December. The contour interval is 1.0°C. 
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local climate by contributing to the formation of low stratus clouds and 
fog below the boundary layer inversion, which lies between 300 and 
500 m above the surface. Farther seaward the cloud deck breaks up into 
cumulus clouds (Neiburger 1960). 


DISTRIBUTION OF COASTAL STRATUS 
IN RELATION TO COASTAL UPWELLING 


From May to September the coasts of California and Baja California 


are influenced by an extensive deck of low-level stratus and stratocu- 
mulus clouds. These clouds have a profound effect on the short-wave 
and net long-wave radiation reaching the sea surface. Figure 15 dis- 
plays a schematic pattern of this stratus region which was derived from 
analysis of early satellite photographs by Gerst (1969). Typical surface 
isobar and sea surface temperature patterns are included in the figure. 
The wedge-shaped area of stratus clouds has its northern terminus near 
lat. 40°N; Gerst found that it was most frequently located between lat. 
35°N and 41°N. The boundaries of this stratus cloud deck appear to be 
controlled by the direction of the air flow, the sea surface temperature 
gradients, and the divergence of the wind field. The coastal boundary 
of the stratus deck is known to undergo diurnal shifts in the onshore- 
offshore direction due to the land-sea thermal contrast, which results in 
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Figure 15.—Schematic diagram of the typical summer pattern of low stratus 
clouds and the corresponding surface pressure and sea surface temperature 
patterns (after Gerst 1969). The region of the stratiform cloud mass is shaded. 
Typical summer values of sea surface temperature (°C) and surface pressure 
(mbar) are indicated on the chart. The contour intervals are 1.0°C for temper- 
ature and 2.5 mbar for pressure. 
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the afternoon dissipation of clouds in a narrow zone adjacent to the. 
coast. The diurnal vaniation of the stratus cloud cover along the coast 
appears to be strongest in the Southern California Bight south of lat. 
34.5°N. 

Neuburger et al. (1945) distinguished between stratus formation 
processes in southern California and those in central and northern 
California. Abrupt turning of the coastline at Point Conception, the 
presence of the Channel Islands, and the extensive area of shallow 
water influencing the sea temperatures along the coast all contrib- 
ute to the different nature of the stratus south of lat. 34.5°N. In 
northern and central California, the formation and dissipation of 
the stratus was thought to be an advective phenomenon. Frequently 
the subtropical high pressure center extends into the Pacific 
Northwest and the winds along the coasts of Oregon and northern 
California become northeasterly (Lane 1965). This is the situation 
depicted by the surface isobar pattern in Figure 15. The resulting 
offshore flow of dry, warm air is not favorable for stratus forma- 
tion. 

The presence of cool, upwelled water in a narrow zone, of the order 
of 50 km, adjacent to the coasts of Oregon and California, particularly 
in the vicinity of prominent capes and headlands, is thought to enhance 
the low level cloudiness and often promotes the formation of fog when 
the prevailing air flow brings relatively warm, moist air over the cold 
water. Tont (1975) described a relationship between low values of per 
cent possible sunshine measured at San Diego airport (lat. 32° 44’N, 
long. 117°10’W) and high values of an upwelling index (Bakun 1973) 
computed for a location 2° of longitude offshore. He attributed the low 
values of percentage sunshine during May and June to relatively heavy 
cloud cover along the coast. Relatively high surface salinity values 
measured at the Scnpps Institution pier during these months were 
assumed to indicate strong upwelling. 

To investigate the relationship between coastal upwelling and low 
level cloudiness we compared the annual cycles of monthly anomalies 
of low level cloud amount at several locations known to be influenced 
by coastal upwelling with the anomalies in 1° squares situated 10° of 
longitude offshore (Fig. 16). In this figure the deviations of the mean 
monthly low cloud amounts from the annual mean are plotted for the 
1° coastal squares at lat. 40°N, 37°N, 33°N, 30°N, and 27°N and for 
the offshore squares at the same latitudes. The offshore squares all 
show positive anomalies during some or all of the months from May to 
September, with seasonal changes of up to 0.2. At the coastal squares 
between lat. 30°N and 37°N, the summer increase in low cloud 
amount is the greatest and the amplitude of the seasonal change is as 
large as 0.3. The larger amplitude of the seasonal change in low cloud 
cover between Punta Baja, lat. 30°N, and near Monterey Bay, lat. 
37°N, may be attributed to the effects of coastal upwelling. However, 
the region near Cape Mendocino, lat. 40°N, does not show any signifi- 
cant changes in low cloud amount during summer, although this area 
experiences the coldest sea surface temperatures during this season 
(Fig. 13). This lack of an increase in the mean stratus cloud cover may 
be due to the frequent offshore flow of air (Lane 1965). The monthly 
statistics of low cloud cover at lat. 40°N showed that approximately 
40% of the reports during May through September were coded as clear 
(i.e., no clouds visible). A large number of clearsky reports could 
result from a predominance of reports taken in the afternoon if there 
were strong diurnal variation in the cloud cover. However, the long- 
term composite low cloud amounts for the 1° square at lat. 40°N did 
not show statistically significant differences between the morning 
(1000 PST) and afternoon (1600 PST) synoptic observation times. The 
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Figure 14.—Long-term composite monthly mean sea surface temperature (°C) distribution for December. The contour interval is 1.0°C. 
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local climate by contributing to the formation of low stratus clouds and 
fog below the boundary layer inversion, which lies between 300 and 
500 m above the surface. Farther seaward the cloud deck breaks up into 
cumulus clouds (Neiburger 1960). 


DISTRIBUTION OF COASTAL STRATUS 
IN RELATION TO COASTAL UPWELLING 


From May to September the coasts of California and Baja California 
are influenced by an extensive deck of low-level stratus and stratocu- 
mulus clouds. These clouds have a profound effect on the short-wave 
and net long-wave radiation reaching the sea surface. Figure 15 dis- 
plays a schematic pattern of this stratus region which was derived from 
analysis of early satellite photographs by Gerst (1969). Typical surface 
isobar and sea surface temperature patterns are included in the figure. 
The wedge-shaped area of stratus clouds has its northern terminus near 
lat. 40°N; Gerst found that it was most frequently located between lat. 
35°N and 41°N. The boundaries of this stratus cloud deck appear to be 
controlled by the direction of the air flow, the sea surface temperature 
gradients, and the divergence of the wind field. The coastal boundary 
of the stratus deck is known to undergo diurnal shifts in the onshore- 
offshore direction due to the land-sea thermal contrast, which results in 


130° 


120° 


Figure 15.—Schematic diagram of the typical summer pattern of low stratus 
clouds and the corresponding surface pressure and sea surface temperature 
patterns (after Gerst 1969). The region of the stratiform cloud mass is shaded. 
Typical summer values of sea surface temperature (°C) and surface pressure 
(mbar) are indicated on the chart. The contour intervals are 1.0°C for temper- 
ature and 2.5 mbar for pressure. 


the afternoon dissipation of clouds in a narrow zone adjacent to the. 
coast. The diurnal variation of the stratus cloud cover along the coast 
appears to be strongest in the Southern California Bight south of lat+ 
34.5°N. 

Neuburger et al. (1945) distinguished between stratus formation 
processes in southern California and those in central and northern 
California. Abrupt turning of the coastline at Point Conception, the 
presence of the Channel Islands, and the extensive area of shallow 
water influencing the sea temperatures along the coast all contrib- 
ute to the different nature of the stratus south of lat. 34.5°N. In 
northern and central California, the formation and dissipation of 
the stratus was thought to be an advective phenomenon. Frequently 
the subtropical high pressure center extends into the Pacific 
Northwest and the winds along the coasts of Oregon and northern 
California become northeasterly (Lane 1965). This is the situation 
depicted by the surface isobar pattern in Figure 15. The resulting 
offshore flow of dry, warm air is not favorable for stratus forma- 
tion. 

The presence of cool, upwelled water in a narrow zone, of the order 
of 50 km, adjacent to the coasts of Oregon and California, particularly 
in the vicinity of prominent capes and headlands, is thought to enhance 
the low level cloudiness and often promotes the formation of fog when 
the prevailing air flow brings relatively warm, moist air over the cold 
water. Tont (1975) described a relationship between low values of per 
cent possible sunshine measured at San Diego airport (lat. 32° 44’N, 
long. 117°10’W) and high values of an upwelling index (Bakun 1973) 
computed for a location 2° of longitude offshore. He attributed the low 
values of percentage sunshine during May and June to relatively heavy 
cloud cover along the coast. Relatively high surface salinity values 
measured at the Scnpps Institution pier during these months were 
assumed to indicate strong upwelling. 

To investigate the relationship between coastal upwelling and low 
level cloudiness we compared the annual cycles of monthly anomalies 
of low level cloud amount at several locations known to be influenced 
by coastal upwelling with the anomalies in 1° squares situated 10° of 
longitude offshore (Fig. 16). In this figure the deviations of the mean 
monthly low cloud amounts from the annual mean are plotted for the 
1° coastal squares at lat. 40°N, 37°N, 33°N, 30°N, and 27°N and for 
the offshore squares at the same latitudes. The offshore squares all 
show positive anomalies during some or all of the months from May to 
September, with seasonal changes of up to 0.2. At the coastal squares 
between lat. 30°N and 37°N, the summer increase in low cloud 
amount is the greatest and the amplitude of the seasonal change is as 
large as 0.3. The larger amplitude of the seasonal change in low cloud 
cover between Punta Baja, lat. 30°N, and near Monterey Bay, lat. 
37°N, may be attributed to the effects of coastal upwelling. However, 
the region near Cape Mendocino, lat. 40°N, does not show any signifi- 
cant changes in low cloud amount during summer, although this area 
experiences the coldest sea surface temperatures during this season 
(Fig. 13). This lack of an increase in the mean stratus cloud cover may 
be due to the frequent offshore flow of air (Lane 1965). The monthly 
statistics of low cloud cover at lat. 40°N showed that approximately 
40% of the reports dunng May through September were coded as clear 
(i.e., no clouds visible). A large number of clearsky reports could 
result from a predominance of reports taken in the afternoon if there 
were strong diurnal vanation in the cloud cover However, the long- 
term composite low cloud amounts for the 1° square at lat. 40°N did 
not show statistically significant differences between the morning 
(1000 PST) and afternoon (1600 PST) synoptic observation times. The 
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Figure 16.—Monthly anomalies of low cloud amount (tenths) for lat. 40°N, 
37°N, 33°N, 30°N, and 27°N in the 1° squares near the coast and 10° offshore. 
The mean annual low cloud amount from which the anomalies were computed 
is indicated in each plot by the value (m). 


coastal cloud cover near Punta Eugenia at lat. 27°N shows very little 
seasonal change, reflecting the coastal desert climate of southern Baja 
California, with cloud cover <0.3 throughout the year. 

Although the annual cycles of low cloud cover show local maxima at 
locations corresponding to the sites of upwelling along the central and 
southern California coasts, the long-term composite monthly total 
cloud cover distributions reveal spatial minima in cloud cover at the 
coast, coincident with areas of cold upwelled water. Figure 17 displays 
the composite monthly mean total cloud cover for July. Cloud cover 
values of about 0.5 of sky obscured are found in the Cape Blanco-Cape 
Mendocino area and south of Point Conception. Beyond 200 to 300 km 
from the coast, cloud cover varies from 0.7 to 0.8 of sky covered. The 
low cloud cover south of Punta Eugenia, <0.4, is a permanent feature 
associated with the persistent offshore flow of dry continental air The 
pattern of cloud minima at the coast during summer is substantiated in a 
number of recent climatological atlases, e.g., U.S. Naval Weather 
Service Detachment (1977) and U.S. Department of Commerce and 
US. Air Force (1971). Figure 18 displays the composite mean cloud 
cover over the North Pacific on a 2.5° latitude-longitude grid for July 
derived from a compilation of satellite images during the period 1965 to 
1972.° Isopleths are labeled in units equivalent to oktas of sky covered. 
Values of 3 to 3.5 oktas along the coasts of Oregon and California and 
off the coast of Baja California are equal to cloud cover of 0.4 to 0.45 


Sadler, J. C., L. Oda, and B. J. Kilonsky. 1976. Pacific ocean cloudiness from 
satellite observations. UHMET 76-01, Dep. Meteorol., Univ. Hawaii, 137 p. 
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of sky covered. These estimates are independent of the surface marine 
data. 

Simon (1977) analyzed mean cloudiness in an area off California 
from May to September 1975 using 6-hourly photographs from the 
geostationary satellite SMS-2. He found a minimum cloudiness zone 
off the coasts of northern and central California, which was closely 
associated with a region of maximum divergence in the surface winds, 
particularly during July. The seasonal variation of the minimum cloudi- 
ness line appeared to follow the variations of the summer “monsoon” 
circulation along the California coast. The minimum mean cloudiness 
values near 0.5 may reflect the tendency for cloudiness in the 1° 
squares to be either clear or completely overcast, as noted by Simon in 
his analysis. 

A relative minimum in cloud cover and cool sea surface tempera- 
tures at the coast during summer increase the short-wave radiation and 
decrease the net long-wave radiation reaching the sea surface, cause 
sensible heat flux to the ocean, and reduce the loss of heat from evapo- 
ration. In July, cloud cover increases from 0.5 of sky covered near the 
coast, between lat. 39°N and 44°N, to 0.8 of sky covered offshore 
(Fig. 17). This change in cloud cover results in a 25% decrease in 
short-wave radiation, from approximately 275 W/m? near the coast to 
205 W/m? offshore (Appendix I, Chart 7). In this same region, vapor 
pressure and sea surface temperature increase in the offshore direction 
as well. The observed zonal gradients in cloud cover, vapor pressure, 
and sea surface temperature lead to a 55% reduction in computed back 
radiation, from 40 W/m? between Cape Mendocino and Cape Blanco 
to 18 W/m”, 10° of Jongitude offshore (Chart 19). The net effect of the 
onshore-offshore gradients in cloud cover is to produce a relatively 
large net radiative flux to the ocean near the coast in comparison with 
the areas farther offshore. 


SEASONAL VARIATION OF THE OCEAN- 
ATMOSPHERE HEAT EXCHANGE PROCESSES 


The mean annual cycles of the various components of surface 
heat flux presented in Appendix I are shown in Figure 19 for the 
eight 1° squares indicated in Figure 1. Four of the locations along 
the coast were chosen to illustrate the effects of coastal upwelling 
on the heat fluxes and to show the range of conditions from near 
Vancouver Island (lat. 5|0°N, long. 127°W) to Punta Eugenia (lat. 
27°N, long. 114°W). The other four locations are 10° of longitude 
offshore from the coastal squares, and were selected to show the 
contrast of open ocean conditions. 

Radiation from sun and sky is a function of the seasonal variation 
in the declination and altitude of the sun and the cloud cover at a 
particular location. In the range from lat. 20°N to SO°N, the incom- 
ing radiation from a cloudless sky reaches maximum values at all 
latitudes in mid-June and minimum values in December. The 
effects of the larger mean total cloud cover in the offshore squares 
during nearly all months is evident in the smaller Q, values (curve 
1) at the offshore locations, except at lat. S0°N where the coastal 
square experiences greater cloud cover during winter. During sum- 
mer (Appendix I, Charts 6-8) the gradient in cloud cover from 
about 0.8 of sky obscured in the offshore region to about 0.5 at the 
coast amounts to a 15 to 20% increase in incident solar radiation at 
the coast. The onshore-offshore difference is even greater at lat. 
27°N where the coastal desert climate results in a persistent low 
mean cloud cover of <0.4. The effects of an alongshore gradient in 
cloud cover near Punta Eugenia are particularly evident in June and 
July (Fig. 17; Charts 6, 7). A 30% increase in incident solar radia- 
tion is realized, and Q, varies from 220 W/m: north of lat. 29°N to 
290 W/m? just south of Punta Eugenia. A relatively constant cloud 
cover throughout the year is evident in the smooth sinusoidal vania- 
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Figure 17.—Long-term composite monthly total cloud amount (tenths) distribution for July. The contour interval is 0.1. 
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Figure 19.—Mean annual cycles of heat exchange processes for the 1° squares at lat. 50°N, 40°N, 34°N, and 27°N near the coast and 10° offshore. The upper row 
displays 1° square values at the coast and the lower row displays the offshore exchange processes. 1 denotes values of Os; 2 denotes Os On; 3 denotes On On Q,, and 
the heavy line denotes Oy= = O- On- 0;- Oc. The hatched regions between 1 and 2 denote the magnitude of Oz and the stippled regions between 2 and 3 indicate the 
magnitude of On The annual mean net heat exchange (Oy) i is indicated for each location. Units are W/m2. 


tion of solar radiation at the coastal square at lat. 27°N with the 
minimum value of 131 W/m? in December and the maximum value 
of 290 W/m in June. 

The annual range of monthly Q, values is larger in the coastal 
‘upwelling areas off northern California and Oregon than in the cor 
responding squares offshore, which primarily reflects the effect of 
relatively low cloud cover in summer when the input of solar radia- 
tion is the highest. The range is largest near the coast at lat. 40°N 
and 50°N where values range from <50 W/m? in winter (Chart 12) 
to more than 200 W/m? in summer (Chart 6). The lack of well- 
defined maximum in solar radiation in the offshore squares at lat. 
27°N and 34°N is indicative of the extensive area of low-level stra- 
tocumulus clouds previously discussed. 

The hatched areas between the two topmost curves for each loca- 
tion in Figure 19 indicate the annual cycles of heat loss due to effec- 
tive back radiation, Q,. This term shows little seasonal or 
latitudinal variation over the entire California Current region. 
However, there is a tendency for lower values in summer (Chart 18) 
than in winter (Chart 24), except near the coast between San Fran- 
cisco (lat. 38°N) and Vancouver Island (lat. 5|0°N). The principal 
gradients in the distributions of Q, are zonal and reflect the sharp 
increase in mean cloudiness from the coast toward midocean. The 
higher mean cloud cover offshore reduces the magnitude of the net 
long-wave flux emitted from the sea surface to approximately 20 
W/m*?. Near the coast the estimated heat loss exceeds 50 W/m. The 
effects of horizontal variations in cloud cover on Q, are enhanced, 
but to a lesser extent, by corresponding increases in atmospheric 
vapor pressure in the offshore direction, and moderated by warmer 


sea surface temperatures offshore with respect to conditions near 
the coast. 

The annual cycles of latent heat flux from ocean to atmosphere 
are shown in Figure 19 by the stippled regions between curves 2 
and 3. Variations in the latent heat flux are related to fluctuations in 
windspeed and sea-air vapor pressure differences. The principal 
seasonal variations in Q; occur in the nearshore areas particularly 
between Cape Mendocino and the Columbia River. In this region, 
the presence of cold upwelled water at the sea surface in summer 
cools the air, lowers the vapor pressure of the air close to the satura- 
tion vapor pressure at the sea surface temperature, and effectively 
suppresses latent heat flux. This effect is noted by minimum values 
of latent heat flux in a narrow coastal zone from Cape Mendocino 
to Vancouver Island during June, July, August, and September 
(Charts 30-33). In this region the latent heat flux is lowered to val- 
ues of <5 to 20 W/m‘. In certain locations the turbulent flux may 
actually be from atmosphere to ocean (i.e., condensation). The 
nearshore areas south of lat. 40°N are characterized by relatively 
constant values of Q,, about 50 to 70 W/m?, except in the upwelling 
regions south of Punta Baja (lat. 30°N) and south of Punta Eugenia 
(lat. 27°N) in spring and summer. Latent heat flux decreases to val- 
ues of 30 to 40 W/m? at these locations due to the depression of the 
sea-air vapor pressure difference. 

Seasonal variations in Q, are less pronounced in the offshore 
regions. Higher mean windspeeds and larger sea-air vapor pressure 
differences contribute to evaporative fluxes which are 30 to 100% 
greater in winter (Chart 36) than in summer (Chart 30). Horizontal 
gradients of Q, lie in a southwest-northeast direction and values of 


latent heat flux are approximately 20 to 40 W/m larger in southern 
and offshore sections of the grid than in the northern and inshore 
regions. Values range from about 30 to 60 W/m? north of lat. 40°N 
to about 60 to 100 W/m? south of lat. 30°N. The observed spatial 
distributions of Q, primarily result from systematic variations in 
sea-air vapor pressure differences and to a lesser extent from hori- 
zontal gradients in windspeed. Monthly mean winds are, at most, 
only twice as large off the Pacific Northwest compared with values 
off Baja California. However, mean sea-air vapor pressure differ- 
ences are 2 to 4 times greater in the southern region than in the 
northern section and 2 to 3 times larger offshore than near the coast. 
The north-south contrast is particularly evident in winter (Charts 
25-27) when the atmospheric circulation off the coast of southern 
Baja California contributes to relatively large mean sea-air vapor 
pressure differences (e,,—e@, > 10 mbars). During summer (Charts 
30-32), east-west gradients in O, are enhanced by the reduction in 
latent heat flux near the coast due to the local effects of upwelling. 

Sensible heat flux between ocean and atmosphere is depicted in 
Figure 19 by the difference between curve 3 and the heavy line 
denoting Q,. The magnitude of Q- is virtually negligible over much 
of the California Current region due to the small sea-air tempera- 
ture differences (T.— T,<1.0°C) over the area during most of year. 
The sensible heat flux from ocean to atmosphere ranges from near 0 
to 20 W/m? over most of the grid with the higher heat losses 
(O-> 30 W/m?) during winter in the northern latitudes (Charts 37, 
38. 47, 48). 


The largest Q, values occur during summer in the area adjacent 
to Cape Mendocino and Cape Blanco, when upwelling of cold 
water causes mean airsea temperature differences to exceed 
1.5°C; the ocean receives a sensible heat gain of up to 30 W/m? 
(Charts 42-45). Sensible heat gains are <5 W/m? during late spring 
and summer along the coast of Baja California and values of 5 to 10 
W/m? extend over broad regions from Point Conception to Vancou- 
ver Island during May, June, July, and August. In a region off the 
coast of Washington, high vertical stability associated with the 
Columbia River freshwater plume (Barnes et al. 1972) may con- 
tribute to relatively warm sea surface temperatures and, conse- 
quently, to sensible heat loss in this area (Charts 41-43). 


The net heat gain or loss across the sea surface, Q,, is indicated 
by the heavy lines in Figure 19. The annual mean net heat exchange 
is characterized by heat transfer to the ocean over the entire region, 
a feature previously described by Wyrtki (1965). The annual net 
heat gain is much larger near the coast than offshore as a result of 
small heat losses by turbulent heat fluxes and the greater input of 
solar radiation due to the lower relative cloud cover during summer. 
The ocean loses heat to the atmosphere over the entire area only in 
December (Chart 60). 

Over most of the California Current region the net heat exchange 
is determined by a balance between the incident solar radiation and 
the heat losses due to effective back radiation and latent heat flux. 
In the offshore regions the largest heat loss term is the latent heat 
flux, O,, while along the coast the effective back radiation, Q,, is 
the largest heat loss term. Seasonal variations in the components 
contributing to oceanic heat loss are largest in the coastal upwelling 
regions off northern California and Oregon and to a lesser extent 
off the coasts of Baja California and Vancouver Island where the 
presence of cold upwelled water in late spring and summer reduces 
the turbulent flux of latent heat and causes sensible heat gain to the 
ocean, thereby increasing the heat input to the ocean. 

The coastal upwelling zones along the west coast of the United 
States and Baja California experience the largest net annual heat 
gain as a result of the combined effects of the increase in incident 
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solar radiation in regions of minimum cloudiness and the decrease 
in heat losses by turbulent fluxes. The net annual heat gain is largest 
off Cape Mendocino with a mean value of 124 W/m?. Seasonal var 
iations in the net heat exchange within the 1° squares adjacent to the 
coast are graphically portrayed in the time series isogram displayed 
in Figure 20. The coastal zone north of lat. 47°N is characterized 
by net heat losses of more than 100 W/m? during December and 
January and net heat gains of 200 W/m? during July. The coastal 
upwelling zone between lat. 38°N and 44°N shows net heat gains 
of 200 to 250 W/m? during July and relatively small heat losses of 
20 to 40 W/m? during winter. The coastal square at lat. 34°N, 
southeast of Point Conception, experiences net heat gain during 
nearly the entire year with maximum heat gain > 180 W/m? during 
May, June, and July. 

There are considerable latitudinal differences in the annual 
cycles of net heat exchange along the coast of Baja California. The 
region near Punta Baja (lat. 30°N) is characterized by a relatively 
small maximum net heat gain during summer of about 150 W/m? 
due to high cloud cover (0.8) during June and July. The area south 
of Punta Eugenia (lat. 27°N) is influenced by a less extensive cloud 
deck and shows much higher net heat gain, >200 W/m’, during 
spring and summer (Charts 53-56), which may mask the effects of 
coastal upwelling on sea surface temperatures in this area (Bakun 
and Nelson 1977). 


Spectral Characteristics of Heat Exchange Processes 


The monthly mean data described in this report resolve the 
annual cycle. However, marine biological communities must 
respond to a wider spectrum of atmosphere-ocean variations on 
time scales ranging from a few days to several years. Relatively 
rapid diurnal and “event scale” fluctuations (i.e., periods of 1-10 
d) contribute to turbulent mixing and dispersion of biological 
microstructure. Lower frequency “climatic” variations, which 
appear as long-term trends or periodicities, or as interyear differ 
ences, affect fisheries over much broader space and time scales. 
Year-to-year fluctuations in the timing, amplitude, and spread of 
the seasonal production cycle in major spawning regions may 
induce significant changes in recruitment of year classes to the fish- 
eries (Cushing 1975). Annual differences in the character of the 
production cycle are environmentally controlled and related to 
changes in the stability of the upper water column which is 
enhanced by an increase in solar radiation and a decrease in wind 
strength. 

Available ship reports are unevenly distributed in space and time. 
Therefore, it is generally not possible to construct consistent time 
series of air-sea interaction processes for large regions and preserve 
fine spatial resolution, by applying the simple space and time aver- 
aging methods which were used to assemble the long-term monthly 
means. Where the density of reports is large, e.g., within 300 km of 
the coast south of Point Conception, statistically significant 
monthly mean values might be computed over fairly long periods. 
A few time series of air-sea interaction processes have been pro- 
duced, either by compositing ship reports in 5° square blocks 
(Clark et al. 1974) or by making use of objectively analyzed mete- 
orological products (Bakun 1973) which have a spatial resolution of 
approximately 3°. Analyses of these data show wide variations in 
space and time. However, the errors associated with the low fre- 
quency, nonseasonal fluctuations are generally unknown, and there 
is little coherence or persistence in the monthly anomaly patterns of 
the heat exchange processes (Clark et al. 1974). 

Seasonal and nonseasonal fluctuations in net heat exchange, Os, 
were investigated at a few selected locations in the Southern Cali- 
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Figure 20.—Seasonal cycle of net heat exchange near the coast. Means 
of net heat exchange were computed by month for the 1° squares imme- 
diately adjacent to the coast. Units are W/m2. The contour interyal is 


50.0 W/m2. Negative values are shaded and indicate net heat loss from 
ocean to atmosphere. 


fornia Bight (lat. 32°N, long. 117°W; lat. 32°N, long. 118°W; lat. 
119°W) and near Punta Eugenia (lat. 27°N, long. 


32°N, long. 
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114°W; lat. 27°N, long. 115°W). A 23-yr time series (1950-72) of 
monthly values was computed for each 1° square. For these partic- 
ular grid points, the computed values were based on an average of 
10 to 30 observations/mo. Spectrum analysis was used to demon- 
strate the predominance of the annual cycle and to possibly identify 
other frequency bands accounting for substantial variance. 

Power spectra of Qy at each location (Fig. 21A, B) show strong 
peaks at frequencies representing the annual cycle and suggest 
lesser peaks corresponding to a semiannual component. Referring 
to the 95% confidence limits for 10 degrees of freedom, it is clear 
that the variance associated with the annual cycle is at least an 
order of magnitude larger than the average level of variance at 
lower or higher frequencies. Within the Southern California Bight 
(Fig. 21A), no significant long period fluctuations are apparent. 
Near Punta Eugenia (Fig. 21B), there is a general increase in spec- 
tral energy density at low frequencies, froma relative minimum at a 
frequency corresponding to a 2-yr cycle to a relative maximum for 
periods exceeding 8 yr. This feature is also evident in power spectra 
of monthly anomalies of Ov (Fig. 21C), for which the seasonal var 
iation in the time series has been removed by subtracting out the 
long-term (1950-72) monthly mean values. The increase in vari- 
ance at low frequencies reflects the general 2- to 6-yr persistence in 
the sign of the annual Q,, anomalies at these locations. 

Time series of net heat exchange may be characterized by large 
interannual differences, persistence, and long-term trends. However, 
these features may not be spatially coherent. Coherence functions were 
computed to test the significance of correlations between time series of 
Q, in adjacent 1° squares. In the Southern California Bight (Fig. 21A), 
coherency squared consistently exceeds the 95% significance level for 
10 degrees of freedom only in the frequency band from 0.06 to 0.11/ 
mo (0.7 to 1.3/yr). The spread over several frequency bands reflects 
the nonsinusoidal shape of seasonal fluctuations which tend to have a 
faster rate of change in spring and fall than in summer or winter. Near 
Punta Eugenia (Fig. 21B), coherency squared is significant (95% 
level) at frequencies corresponding to semiannual and annual periodic- 
ities and at frequencies <0.03/mo (0.4/yr). Low frequency coherence 
remains significant at the 95 % level after seasonal variations have been 
removed (Fig. 21C). The lack of significant coherence between adja- 
cent squares in the Southern California Bight probably reflects the 
large uncertainty in net heat exchange calculations based on surface 
observations archived in the TDF-11 file, but also may be related to 
significant spatial variations over distances <200 km in this region. 

These data demonstrate the relatively large amplitude of the 
annual cycle in midlatitude atmospheric properties, which suggests 
that the long-term monthly mean heat exchange fields (Appendix I) 
represent the expected seasonal variability. More extensive time 
series calculations have been published by Clark et al. (1974). 
However, the wide variations and lack of persistence in patterns of 
net heat exchange anomalies computed from their data, in addition 
to our own results, support the conclusion that merchant vessel data 
may not always be sufficiently reliable to compute statistically sig- 
nificant indices of the month-to-month or interannual variations in 
air-sea interaction processes (Husby 1980). 


Heat Budget of a Coastal Upwelling Region 


The principal processes affecting the seasonal variation of air-sea 
heat transfer over the California Current are related to seasonal 
changes in the atmospheric circulation patterns which modify the 
cloud cover and the oceanic circulation. Coastal upwelling has a 
marked effect on the turbulent fluxes of heat, particularly off north- 
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Figure 21.—Power and coherence spectra of monthly mean net heat exchange estimates for 1950-72. Spectra are plotted for time series at A) lat. 32°N, long. 117°W; lat. 32°N, 
long. 118°W; lat. 32°N, long. 119°W and B) lat. 27°N, long. 114°W; lat. 27°N, long. 115°W. Spectra of the monthly anomalies from the long-term monthly means at lat. 27°N, 


long. 114°W and lat. 27°N, long. 115°W are displayed in Figure C. 


ern California and Oregon. On an annual time scale the entire 
region experiences net heat gain to the ocean. Previous summaries 
have shown that the North Pacific Ocean gains heat primarily on 
the eastern side (Wyrtki 1965), and we have shown that the net heat 
gain reaches a maximum in the coastal upwelling region off north- 
ern California as a consequence of relatively low cloudiness and a 
change in sign of the turbulent heat fluxes at the sea surface due to 
the presence of cold water during summer. In the absence of a cli- 
matic increase in the mean sea surface temperature along the coast 
(i1.e., in a steady state balance), this net annual heat gain must be 
balanced by mixing and cold advection, 1.e., the influx of cold 
water into the region, either by horizontal or vertical motions. 

In the region of maximum offshore Ekman transport between 
Cape Mendocino and Cape Blanco, the amplitude of the annual 
cycle of sea surface temperature is suppressed (Bakun et al. 1974). 
Near the coast, the difference between minimum and maximum 
temperatures is <3°C. From May to September, 7, increases at a 
mean rate of 0.5°C/mo. In the offshore areas, the seasonal range of 
sea surface temperature exceeds 6°C and T, increases at a rate 
> 1.5°C/mo during summer. In the California Current, maximum 
sea surface temperatures occur in September, well after the period 
of maximum net oceanic heat gain in June and July. However, the 
maximum in the annual cycle of Q, corresponds directly to the 
maximum rate of change in surface temperature. 

The equation of conservation of heat for an incompressible fluid, 
expressed in terms of mean temperature, 7, is given by: 


_OT 27 2T 
_W_ 4A, Vy ibang, wh (11) 
dz 02? 


where d/dt is the local time rate of change with time scales large 
compared with the averaging time; Q, is the mean net heat 
exchange across the sea surface which heats a column of water extend- 
ing from the surface to a depth z; gy is density; c, is the spe- 
cific heat of water at constant pressure; V= ii +7 is the mean 
horizontal velocity; w is the mean vertical velocity component 
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(positive upward); v,, and v?,, are the horizontal gradient and Laplac- 
ian, respectively; and A,, and A; are the horizontal and vertical coeffi- 
cients of eddy thermal conductivity. Assuming a constant mixed layer 
depth, the terms in Equation (11) express a balance between the local 
change of temperature (heat content) and those changes resulting from 
radiative and turbulent heat fluxes across the airsea interface and hori- 
zontal and vertical advection and diffusion (i.e., mixing). 

To test the general validity of our heat exchange calculations we 
applied Equation (11) to the upper 30 m of the water column in a 3° 
square adjacent to Cape Mendocino and centered at lat. 40°N, 
long. 125°W. The terms were evaluated by month and averaged 
over the “upwelling season” from May to September to obtain a 
mean seasonal heat budget appropriate for this region. We used cli- 
matological surface and subsurface temperature data (Robinson 
1976) to estimate the local change, the horizontal and vertical gra- 
dients, and the second derivatives of temperature. Mean east and 
north components of velocity were obtained from seasonal distribu- 
tions of surface currents based on ship drift observations (Stidd 
1974). 

During summer, the mean net heat flux, Q,, across the air-sea 
interface is 180 W/m~-. To calculate the equivalent rate of change in 
temperature, we used the constant values o,=1.0X 10° kg/ 
m',c,=4.180x 10° J/kg per °C, and z = 30 m. This mean surface 
flux equals a temperature increase at the rate of 3.7°C/mo. How- 
ever, the local change of temperature in the upper 30 m is only 
0.6°C/mo. The excess heat input at the surface must be balanced by 
horizontal and vertical advection and diffusion. 

We estimated mean zonal and meridional temperature gradients of 
-7.4 10° and -3.6 x 10° °C/km, respectively. The corresponding sec- 
ond derivatives were 4.7 x 10° °C/km? in the east-west direction and 
2.0.x 10° °C/km* in the north-south direction. Combining these values 
with mean east and north velocity components of -2.0 and -10.0 cm/s 
and assuming a horizontal eddy diffusion coefficient of 100 m?/s 
(Bathen 1971) gives a mean horizontal advection (-V,° y,7) of 
—1.3°C/mo and mean horizontal diffusion (A,, Vv 2,,T) of 0.02 °C/mo. 
The sign of the advection term implies cold advection which is consist- 


ent with a surface temperature gradient from southwest to northeast 
(Fig. 13) and an equatorward surface current with an offshore compo- 
nent (Pattullo et al. 1969). At a depth of 30 m the vertical second deriv- 
ative of temperature is -8.0 x 10*°C/m’. The approximate scale for the 
vertical eddy diffusion coefficient is A,/A; = 1.0 10° (Pond and 
Pickard 1978); consequently A, = 1.0 x 10*m?*/s. Therefore, vertical 
mixing, as parameterized in Equation (11), leads to a loss of heat at the 
base of the water column at the rate of 0.2°C/mo. From the balance of 
terms in Equation (11), we inferred mean vertical temperature advec- 
tion (—wdT7/dz) of -1.6°C/mo. In this region, the mean vertical tem- 
perature gradient in the upper 30 m is approximately 0.05°C/m. These 
values imply a mean (upward) vertical velocity of 32 m/mo, which lies 
within the range of estimates for coastal upwelling regions (Wooster 
and Reid 1963). Similar heat budget calculations for an upwelling 
region off Cabo Bojador (Bowden 1977) yielded substantially larger 
10-d mean vertical velocities (e.g., 4-10 m/d). The magnitudes of the 
terms in Equation (11) imply that the primary balance in coastal 
upwelling regions is between surface heat flux and horizontal and verti- 
cal advection. 

The vertical velocity computed from the heat budget equation is 
considerably larger than the mean open ocean vertical velocity 
associated with horizontal divergence in the surface Ekman layer 
(Yoshida and Mao 1957). We used the approximate relationship, 


p= __ke(ver) 


pf 


(12) 


where k @( v © 7’) is the vertical component of wind stress curl, and fis 
the Coriolis parameter, and distributions of wind stress curl (Nelson 
1977) to independently compute a mean upwelling velocity of 5 m/mo. 
The heat budget calculations would be consistent with this estimate of w 
if the surface heat flux, Q,, were distributed from the surface to a depth 
of 50 m. 

The uncertainty in each of the terms in Equation (11) may be as 
large as the error in Qy, which we estimated to be 15 to 70%. Roden 
(1959) estimated an error of 50% in calculating the horizontal 
advection term from observed velocity components and tempera- 
ture gradients. In addition, the physical basis for parameterizing 
vertical mixing as a function of a constant eddy coefficient, A,, and 
the vertical second derivative of temperature, 0°7/dz?,is not well 
founded. Therefore, the computed vertical eddy diffusion may 
grossly underestimate the effects of mixing at the base of the mixed 
layer (Niiler and Kraus 1977). In our heat budget calculations, an 
order of magnitude increase in A; would have resulted in an approx- 
imate balance between heat gain at the surface and heat loss by hori- 
zontal advection and vertical mixing, without the requirement for 
vertical advection. Because of the uncertainties associated with 
heat budget calculations, the “balance” which we computed may 
have been fortuitous. However, these calculations demonstrate that 
our values of net surface heat exchange are not inconsistent with 
independent estimates of temperature advection and diffusion. 


SUMMARY AND CONCLUSIONS 


Distributions of long-term composite monthly atmosphere- 
ocean heat exchange processes have been presented for the Califor 
nia Current region over a 1° latitude-longitude grid. The monthly 
fields represent summarizations of the radiative and turbulent heat 
fluxes computed from individual surface marine weather reports 
archived in the National Climatic Center’s TDF-11 data file. This 
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report complements the earlier work of Nelson (1977) who summa- 
rized wind stress and wind stress curl over the California Current 
region. 

The climatological fields of surface heat fluxes provide insight to the 
important areas of heat gain and loss in the California Current. The 
region off the west coast of the United States and Baja California is 
characterized by net annual heat transfer from atmosphere to ocean. 
Maximum net oceanic heat gain occurs in the coastal upwelling zone 
off northern California as a consequence of relatively low cloud cover 
compared with offshore distributions, suppression of latent heat flux, 
and a reversal of the sensible heat transfer due to the presence of cold 
water during summer. These same features (1.e., maximum net oceanic 
heat gain, low cloudiness, and small turbulent fluxes in coastal upwell- 
ing regions) are evident in all major eastern boundary current systems 
(Hastenrath and Lamb 1978). Maximum heat loss occurs during winter 
off the Pacific Northwest. Simplified heat budget calculations demon- 
strate that our values of surface heat flux are not inconsistent with inde- 
pendent estimates of horizontal and vertical temperature advection and 
show the important contribution of advective processes in determining 
the seasonal heat balance in coastal upwelling regions. 


Because of the heterogeneous character of the surface marine 
weather observations, relatively large errors are associated with empin- 
cal estimates of the radiative and turbulent heat fluxes. Nonrandom dis- 
tributions of reports, sampling errors, fairweather bias, and methods of 
computation introduce uncertainties which cast doubt on the validity of 
heat exchange estimates derived from merchant vessel data. Reason- 
able estimates of the error in each heat exchange component (e.g., 
10%) lead to errors in the long-term mean net heat exchange, Qy, rang- 
ing from 10 to 70%. Our analyses indicate that the principal spatial and 
temporal features of surface heat flux over the California Current 
region (e.g., maximum oceanic heat gain near the coast during sum- 
mer) are independent of computational methods which use monthly 
mean properties and variable exchange coefficients in the empirical 
formulae as opposed to individual observations and constant coeffi- 
cients. Spectrum analyses of representative time series of Qy show a 
general absence of variance at low frequencies and demonstrate the 
large signal-to-noise ratio of the annual cycle in midlatitude regions. 
The lack of coherence between time series in adjacent 1° squares is 
partially explained by the errors in monthly heat flux estimates, even in 
densely sampled areas. 


The results of this study will be useful in modeling mean sea- 
sonal variations in the thermal structure of the California Current. 
For the purpose of indicating anomalies from the long-term means, 
however, further research in marine boundary layer processes is 
needed to place narrower confidence limits on the derived 
atmosphere-ocean exchanges. Because the largest relative errors 
are associated with heat exchange components which also have the 
largest absolute magnitudes (i.e., Q; and Q,), more extensive 
experimental studies in the open ocean and in the coastal boundary 
zone must be conducted 1) to improve the empirical formulae for 
short-wave radiation by using more objectively measured parame- 
ters (e.g., satellite observations of cloud cover), and 2) to evaluate 
the moisture flux parameterization for wider ranges of atmospheric 
stability and windspeed. With the increased application of air-sea 
interaction research to global climatic and fisheries problems, there 
is also an urgent requirement for consensus on the empirical formu- 
lae and methods of computation to be used. Although the absolute 
magnitudes of the long-term monthly mean values cannot be pre- 
cisely fixed, the spatial and temporal consistency of independent 
estimates of surface heat exchange indicate that the geographical 
patterns (Appendix J) are realistic and significant. 
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APPENDIX I 
Monthly Surface Heat Flux Distributions 


Long-term composite monthly mean surface heat flux distributions are displayed in Charts 1-60. Charts 1-12 are the monthly values of 
incident solar radiation corrected for cloud cover and reflection, Charts 13-24 the monthly effective back radiation, Charts 25-36 the monthly 
latent heat flux, Charts 37-48 the monthly sensible heat flux, and Charts 49-60 the monthly net heat exchange across the sea surface. Values 
are plotted in units of watts per square meter. The distributions are contoured with a contour interval of 25 W/m?, except in Charts 13-24 and 
Charts 37-48 where a contour interval of 10 W/m? has been used. Positive values denote oceanic heat gain in Charts 1-12 and Charts 49-60 
and oceanic heat loss in Charts 13-48. Negative values are shaded and indicate heat transfer from atmosphere to ocean in Charts 37-48 and 
heat loss from ocean to atmosphere in Charts 49-60. 

The month is indicated in the figure legend in the upper nght corner of the charts. The long-term mean monthly values were computed for 
the approximate time period 1921 to 1972. Scattered reports were available between 1921 and 1940 but the bulk of the data was collected after 
1945. The coastline configuration is superimposed on the grid as a visual aid and does not represent a conformal mapping. 
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Chart 1.—Composite monthly mean incident solar radiation for January. 
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Chart 2.—Composite monthly mean incident solar radiation for February. 


35 


IS7ZMISEMISSMSAMIBGSMB2 M131 NWSBELZS 128127 126 A2Z59124) 2322 AZT OS ANC 7 CMSA ea 


NOAA 
NATIONAL MARINE FISHERIES SERVICE 


108. 1103. 4'107.6104.2110.7:104.0106.9105.3115.3115.% PACIFIC ENVIRONMENTAL GROUP 
ie Tce, ip a Es ree ae MONTEREY. CALIFORNIA 


4.2108. 7105. 6102.2118.4115.3:118.6115.7118.5120. 1 
peepee nt Sere He are INC IDENT 


11. 4'112.5111.8113.2112.9112.9115.5114.8112.8121.8 * COLUMBIA RIVER 
Coe ae ia ie rE ee SOLAR RADIATION 
ge. 6109. 9113. 6117. 2117. aig9. 9112, 2112. ais. aig. a: ( WATTS/Msex2 ) 


= =3 


LONG TERM MEAN 
0134.1143.9 CAPE BLANCO FOR 


-\ - 3-727 3- a eS 


MARCH 
Geos mee 8137. 1138. 2142. 51143. & 


4. a eel eee j----4-- -4 


141. 8145. 8137. 7148. 914i. 2145. Lids. susfie 8159. ( 


159. g156. 461. 4168. 7165. 6 81 2 71. 1183. 7193. 4198. | 


173. = ais. 91187. Fite 5. | 


Sod bad ere Sed PRE eI 


176. gi8l. 5199. sag ft 


4213.8217.2223.5: 


317822181. 6185. 1 


Hoss 1---f ee Sees 


Saree 5218.2205. ae 


118 117 116 115 114 113 12 111 


Chart 3.—Composite monthly mean incident solar radiation for March. 
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Chart 4.—Composite monthly mean incident solar radiation for April. 
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Chart 5.—Composite monthly mean incident solar radiation for May. 
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Chart 6.—Composite monthly mean incident solar radiation for June. 
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Chart 7.—Composite monthly mean incident solar radiation for July. 
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Chart 8.—Composite monthly mean incident solar radiation for August. 
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Chart 9.—Composite monthly mean incident solar radiation for September. 
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Chart 10.—Composite monthly mean incident solar radiation for October. 
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Chart 11.—Composite monthly mean incident solar radiation for November. 
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Chart 12.—Composite monthly mean incident solar radiation for December. 
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Chart 13.—Composite monthly mean effective back radiation for January. 
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Chart 14.—Composite monthly mean effective back radiation for February. 
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Chart 15.—Composite monthly mean effective back radiation for March. 
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Chart 16.—Composite monthly mean effective back radiation for April. 
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Chart 17.—Composite monthly mean effective back radiation for May. 
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Chart 18.—Composite monthly mean effective back radiation for June. 
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Chart 19.—Composite monthly mean effective back radiation for July. 
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Chart 20.—Composite monthly mean effective back radiation for August. 
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Chart 21.—Composite monthly mean effective back radiation for September. 


S3MIS201S SAM ZOMI 28127 26R1 25a 23M 22 20SEC mame 


23. Ee NOAA 

bes eee : as NATIONAL MARINE FISHERIES SERVICE 
7 PACIFIC ENVIRONMENTAL GROUP 
Ne MONTEREY, CALIFORNIA 


a Best. epee EFFECTIVE 


1545. 610° COLUMBIA RIVER 


ete a BACK RADIATION 
erat ( WATTS/Mx2 ) 
2s 87.0737. 44. 


PESoaRSaAy ae ee LONG TERM MEAN 


CAPE BLANCO FOR 


OCTOBER 


ee ee ee a eee eas 


: : raat ! \ : 
PS. 1028. 6832.9931.2932.254 
‘ 9.5629. B431. 7335. 4532. 6897. 1 


Ef ic) 


CAPE MENDOCINO 


se 2292. 6595. 2535. 6539.\7643. 4944, 42444. 7 


em Reet aeons Soe s aueeeees Bao) HsoaH 


dod 9030. a0%5 eb 36 


BA. elaDoviaded reps sb seca 


~---4----45 Lodh asdanoodsbacsconie: 


ER, Sa ee ee J----4-->-3---- 


23) . 294075233. se oad 9137. 5435. = 1734.8 21 
(20RWS STS 7 SSS MAS ae 


Chart 22.—Composite monthly mean effective back radiation for October. 
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Chart 23.—Composite monthly mean effective back radiation for November. 
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Chart 24.—Composite monthly mean effective back radiation for December. 
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Chart 25.—Composite monthly mean latent heat flux for January. 
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Chart 26.—Composite monthly mean latent heat flux for February. 
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Chart 27.—Composite monthly mean latent heat flux for March. 
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Chart 28.—Composite monthly mean latent heat flux for April. 
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Chart 29.—Composite monthly mean latent heat flux for May. 
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Chart 30.—Composite monthly mean latent heat flux for June. 
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Chart 31.—Composite monthly mean latent heat flux for July. 


126 125 124 ZORA SRSA ZS S 


NOAA 
NATIONAL MARINE FISHERIES SERVICE 
PACIFIC ENVIRONMENTAL GROUP 
MONTEREY, CALIFORNIA 


LATENT 
HEAT FLUX 


( WATTS/M#2 ) 


COLUMBIA RIVER 


5 LONG TERM MEAN 
andes gaps. 9212. 69 6.32 amis Gua FOR 


ey ci) Boa: AUGUST 


5S. 5758. oa. 4262. 2559. S163. 324! 7830. 3127. 


' ‘ ee 
AG 463. 8669. 6159. = B15 3350 5254. 08 


Smod ps Pemuaee aaee jeer et Sar) eae een oes 


red al) aed aera ee) a J. 
4 ' 


BB. 98° 0.1760. 7067,5860. 1062. Carts 


oe eo 
#.8762.7158. ASES. 1192. 4267. 


Chart 32.—Composite monthly mean latent heat flux for August. 
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Chart 33.—Composite monthly mean latent heat flux for September. 
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Chart 34.—Composite monthly mean latent heat flux for October. 
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Chart 35.—Composite monthly mean latent heat flux for November. 
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Chart 36.—Composite monthly mean latent heat flux for December. 
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Chart 37.—Composite monthly mean sensible heat flux for January. 
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Chart 38.—Composite monthly mean sensible heat flux for February. 
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Chart 39.—Composite monthly mean sensible heat flux for March. 
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Chart 40.—Composite monthly mean sensible heat flux for April. 
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Chart 41.—Composite monthly mean sensible heat flux for May. 
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Chart 42.—Composite monthly mean sensible heat flux for June. 
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Chart 43.—Composite monthly mean sensible heat flux for July. 
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Chart 44.—Composite monthly mean sensible heat flux for August. 
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Chart 45.—Composite monthly mean sensible heat flux for September. 
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Chart 46.—Composite monthly mean sensible heat flux for October. 
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Chart 47.—Composite monthly mean sensible heat flux for November. 
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Chart 48.—Composite monthly mean sensible heat flux for December. 


81 


1371360135 7134 133_ 132 130.129 126 E25 SN ZARN ZS RI22TE 72S a E71 SS ELAS 


131 128_127 


eS 
SQ} ene A -85. 8-88. ie 


aoe PENSE SSSI SSUES eee eee eses 


NORA 
NATIONAL MARINE FISHERIES SERVICE 
: PACIFIC ENVIRONMENTAL GROUP 
ee Aj jas j : ; SuNGeoe MONTEREY. CALIFORNIA 
- tag a COLUMBIA RIVER 


1 oh RI fo Rye oe ae HEAT EXCHANGE 


( WATTS/M#82 } 


LONG TERM MEAN 
FOR 


JANUARY 


CAPE BLANCO 


sa, sal. (on. 7 \S-2, B: 


AD 15/2.57: 


=== SUM - = 


17% 2-8. 73-7. 68-4, 97-6.64-5. 96; 


31 : \ ' : 1.73-9. a2 13.2-18.8! sig 


37. 8-29 18. Zn4 83-12.4 


Pe NA Meee tC etme et wo et sali 713,877.28 
naaet SES RS SSR SRS PSY eh oscar a : ee 
iO gh tenet te ae ae em aaa 13.80-18.9 
118” 7 116 Tis 114 ne 112 111 


120 119 


Chart 49.—Composite monthly mean net heat exchange for January. 
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Chart 50.—Composite monthly mean net heat exchange for February. 
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Chart 51.—Composite monthly mean net heat exchange for March. 
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Chart 52.—Composite monthly mean net heat exchange fer April. 
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Chart 53.—Composite monthly mean net heat exchange for May. 
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Chart 54.—Composite monthly mean net heat exchange for June. 


87 


NORA Ag 
NATIONAL MARINE FISHERIES SERVICE 
PACIFIC ENVIRONMENTAL GROUP 48 
MONTEREY, CALIFORNIA 


NET [ 
HEAT EXCHANGE bi 


( HATTS/Mse2 ) 45 


COLUMBIA RIVER 


LONG TERM MEAN 
CAPE BLANCO FOR 43 


JULY 


= ere see, 


eee 


CAPE MENDOCING 


ey) 


34 


Pe 4) 


2 -2' 872 Stee ‘1 .7178.3198.2 1 


137HV3I6NV3S 134133132 131130" 129) 128 127 9126 125" 124 1231229121 2B SMA BNI 7 1 ES AS 


Chart 55.—Composite monthly mean net heat exchange for July. 
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Chart 56.—Composite monthly mean net heat exchange for August. 
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Chart 57.—Composite monthly mean net heat exchange for September. 
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Chart 58.—Composite monthly mean net heat exchange for October. 
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Chart 59.—Composite monthly mean net heat exchange for November. 
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Chart 60.—Composite monthly mean net heat exchange for December. 


93 


APPENDIX II 
Standard Errors of the Means 


The following tables list the computed standard errors of the monthly means by 1° square area for the heat exchange components displayed 
in Appendix I. Each page contains values for 10 1° squares. Within each group of 10, all 1° squares are defined by a common latitude. The 
first set of values corresponds to the 1° square adjacent to the coast. The final tabulations refer to the 1° square farthest from the coast. 

The standard errors of the means are tabulated for each month and square. The latitude and longitude of the center of the 1° square are listed 
at the left. Standard errors of the means are tabulated as follows: 1) incident solar radiation, 2) effective back radiation, 3) latent heat flux, 4) 
sensible heat flux, and 5) net heat exchange. The units are watts per square meter. The last value is the number of observations used to 


calculate the monthly means and standard errors. 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


JAN 


LAT/LON 


WIN DOR 
Ravsowo 
eeecee 


INR HO 


OR WOMNN 
COMOMALY 
eeece 
wonenm 

doo 


MNORTM 
 daek- ol 102) 
eececee 


NAR NO 


WIMNDHO 

IARMRIND 
eeceee 

NAR HD 


WIrNntwo 
maooommwo 
eeeree 


WONKA 


WM OHM 
AMOR ER 


RNOND 


IMAONSA 
MFM D 
e2cee 
wninwea 


Wnt HORN 
iN] dak ital 
ececeece 
RNOoMst 
Sn ad 


OFAN 
aDNDoOtTK 
eres 


WNONOD 


RAneotm 
Wao 
eeceese 
nM one 
xo 


wonWOFtD 
tANMOIN 


MORNMO 
oOnwO ST 
eoceee 
woMmonrs 
dia 


DIURWSO 
ROAR OO 
eeece 
OModsA 
~~ 7 


MOLD AML 
MOMORM 
eoeeen 
RMOMMO 
aio 


WNOAR ROM 
NOOO SHT 
eeece 
fol Tae aes. a) 
aA x 


AW ANON 
NAFHOWM 
ecco oe 
lon 
doin 


STOH TOR 
OOM OW 


RUOVNG 
7 


ANN OAM 
ROMDOW 
eceee 


nRuooM 


LYNN OUR 
AtFoCNAM 
cece e 
amMomMmWy 
did 


DOU OUI 
TOFNMT 
eceece 
Reon 
al 


IOCOR MD 
COdAtrHANMY 
cee ee 
RTtoOMN) 
os a | 


NOWOZN 
(a fe fa fafa jos) 
Oo 


MOMOARE 
NAMIR St 
e@oaee 
OTMIMO 
aio 


Wnt OWM 
arnvow 
e@eceece 
orotd 
aA N 


FOtOMM 
oOnNwOoOstN 
eoceee 
oOsNtoO 
A aA a 


OHAKDOMR 
mManNOonN 
eoceee 
aoMmoustt 
Ai wt od 


NWNostorn 
oOnOTHN 
ccc ee 
MtnmnM 
aA aA WN 


NAAMARM 
COFRMON 
eeeee 
AaMoOMKR 
HH xo 


DOAROM 
DONTANN 
eceece 
omMmotm 
| 


DNOoortnust 

mtrqNGoom™ 
ccecoe 
OomMmut. 
don 


LAALAR Md 
ANNE OM 
ceo eo 
ATNUMO 
tun ete arent) 


NTN DO 
wodstron 
eceeece 
oOotosrs 
dH NU 


QANxAAR + 
ONnMRaN 
eeocce 


RTFON]S 
dix 


ANON 
NNOHINN 
ecoeoee 
Dt TAL 
aA ox 


omDOOMND 
WwNONUOM +4 
eeoee 
OMmnr nud 
xaos 


MOMAadd 
ONACNN 


Rw wMuw 
QDONOd 


ee eee 
NRUINNOM 
od eA ae OND, 


FRONNH 
oONWuMNwoN 
eeceeo 
NTOWUN 
Baal SON! 


Nondvd 
otsmomM 


OItMtH 
dix 


ITHIBONM 


DWINDOHMN 
ee oo e 
coLninras 
aml eel 
NOWoZN 
fexnfiex. fax. for fe fin 0} 
(>) 
z= 
oat 
Ux 
~~ 


NONOSA 
NOM Fin 
evecee 
OFOSH 
aN 


MRMUINO OW 
DADS 


eeeee 
f oP. tati- olen) 
Nu MN 


DMDODLN 
FONURAA 
ecee oe 
Nronwn 
AN 


NPN om oO 
OUONWOW 
eoe ee 
MSFOLN 
x Coben (yi) 


ORNINOWD 
NORV 
ee eee 
Otome 
xa aA NM 


TFPFANN 
NASNON 


eceee 
Mw TiN 
od o 


RIO HOR 
ODN0Ntd 


eoceee 
NMA 
bal ad dd 


WOInR DIG 
marDOMN 
cece ce 
NWASR 
4Haxawido 


RoowmM 
RItDoNnA 
coceee 
OW COR 
med srt ONS 


DORN DO 
RORDNN 


ececeee 
AW OWN 
aml od N 


RONONDD 
IMmODDNG 
> eo ee 
aANMwoN 
et OQ: 


95 


FOOARN 

WOOkRM+ 
eoeeee 
DOMTWN 
aN 


WDODAVOD 
MOFTOMHA 
coeece 
TRUARD 
awn 


AANDNS 
ARWTDHA 
eeceee 
OMIM 4 
Cob te} a(t 


ROR Set 
RoOMNUAY 
eooecee 
TFHHOM 
Smale Nie if) 


ODMR +H 
OMMtTda 
ccc eo 
CSUNMOLN MS 
N aA SN 


NOM CC 
OMTIDON 
ee eece 
Mn) tito 
axHd 


RMOFHN 
WONG 
cece e 
Wtton 
Ad oixo 


BDMOIMcD 
NODIAG 
cece e 
Winton ad 
dA oH oa 


DODDS 
AMNDNAH 
esceece 
WOR 
et QUAN 


DOU IrULN 
rosrosrn 
eceee 
OoOtNMc? 
v4 4 ONS, 


AROUND 4 
LOMnMmOoNd 
eee ee 


NAM eh 
did dd 


WoMwonnN 
MRDSFOG 


OWN + 
arf iced IONS) 
YNOWOZY 
Sazseacnm 
oO 
PSz 5 
nO 
Na 
xo 


ToNnmMmuncd 
PNDMOM 4 
e@eeves 
Oatrnt 
Nu 


todnrea 
WAAN OH 
07 |e; @) 0). @ 
FOUN + 
4dnu mM 


OOnmMoc 
LAN OU 4 edt 
eeceee 
LN + 0 +a 
wt dee oN 


MOR CUMS 
AHOROT 
eoeecsvese 
NIOWO 
AW HN 


AUONNOR 
NAR ARMHA 
eee eo 
FMNUMRK 
Cnn Caml xd 


OonRIMO 
NOAM 
eeeee 
ANAD + 
Rote oN Le tel 


Don +OM 
DOdMR?A 
eocecee 
AMoMM 
mia 


MORWIND OD 
HOR OD 
eo cee o 
OnTTIWN 
N aoa 


NotNON 
FmtNuTd 
eevecenie 
LNIN.WW.0 
Haw 


LARLIN OLN 
Nenmonton 


LAW AR OCU 
INMOad 
ee eo e 
MOT 
vA) 


LOR LYONS oO 
JTtAdHIG 
eceee 


Mino + 


OoOn7ARRRWO 
ostNot- 
eeeee 
D LNLALA wt 
we 


NAOINS 
MLM OT 
eee eo 
otOstoO 
dw wy 


NRRWOS 
ADNTUCN 
cece e 
OMON4 
aa] a] 


MANDWO 
tMWOHMH 
eee ee 
mMtmota 
dA A iw 


tom 
ITRNOMNHA 
eee ee 
MAO 
Cah an) NT 


RDONDO 
Ne ADOT 
ee eee 
AMMMM 
ee 


TONUONO 
FNANAG 
ee eee 
Lok aval taltn) 
xd iA NU 


LAN AND LN 
MUNtAG 
ce ece 
iN wOt 
aA NU OM 


MmoatHnTtO 
RSA 


eeeee 
NittM 
xo Saal ad 


MODOOOD 
RHAANOH 


NNAWOO 
ad OW N 


FFHANOUNO 


PON OMURIA 
ec eee 
ort0tM 
a NU 
NOWOZN 
esaaqcan 
S 
z= 
HO 
Nd 
d 


NNF ONO 
INST 
eeece 
DINK Ord 


DNFHACHOT 
AN LIN MW 
eeeee 
SMoMmry 
Sn 


ANAHON 
WHoOnRoON 
cece ee 
N+FtMO 
dix 


ARR TOF 
wOFttAON 
coe oe 
TONMO 
dot oa 


OHR tWNO 
NODDOd 
eee ee 
MA +tANG@ 
a | 


DNFTNO 
AOMRDd4 
eee ee 
PYM OU Ad 
hate Sob NY 


NOoOVINND 
NAROWdG 
silelemente 
Naot 
dood w 


WANOAMN 
ANE OM 4 
eoceece 
TAAMUIN MTN 
aA vA 


LNAI FOF 
Mornun 
ececee 
OM SINK 
aid 


Meninds 
Ontdod 
Dileilie! (ele 
Mott 
dod 


FMW AIM 
tIRRDOG 
eeece 
Own OF 
oH ow N 


LY ARR OED 
TM IMM A 
eoe ee 
ANDI LOM 
au mM 


NOWoOZwW 
CTIeeen 
lo) 


zZ2= 
Ho 


No 
a) 


OFOr HR 
MO POLN MNO +t 
eooeece 
wornts 
dx 


NRM AON 
WOowWndton 
eeeee 
SFHMO 
ao 


DoOOVNOr 
AtrTIFMON 
eococe 
ormstno 
dH oH oH 


NMNOUNTO 
MiINMorca 
coeceoee 
FIMCM 
aw N 


NFEFHAMNO 
DNxaASTVUNOTG 
eeeee 
tttth 
-tinece-t wONS 


memnanoM 
aah OTNN 
eceee 
NTMI 
4h ot NY 


HHOONTH 
ORR ANN 


NAHAW 
d 4 


NIMNSOKRD 
ION DOin 
ececee 
Mumiunnms 
Saal od oi 


ONnwtoOd 


Oat 
hal Saal 
NOWOZW 
GSIsdean 
o 
ra 
dS 
Nw 
ad 


APR MAY JUN JUL AUG SEP ocT NOV DEC 


MAR 


JAN 


LAT/LON 


TANK ADIN 
foalt al, oloalnel-o] 
eccee 


MNO 
=“ 


TNONHAM 
WNODHODdS 
eoeee ord 
Mh AD 


onsttsw 
Oornonw 
eee © or 


MAR AD 


OFNORSG 
FIMOHNN 
ee © 0 od 
toh wn 
aaa 


TM NMW 
otttOn 
eee © eo 
LATTA IN 


RdR Ono 
owWotOnsd 
oe 6 © er 


LAA AR 


WHAM AOO 
BROOMAd 
eee eed 
IAN Wc 


ONDOR 
ODD Ore 
eee eo 
STAN AO 


DMO +an 
RHO 50 
ee eee 


WMao nd 
Daal 


MMN MSO 
OWN MAO 
eeeee 


ANON 


RoOrNOM 
FTOoOMoONa 


e@eeee 
TAHOMH 
al 


WN AON 
ADOC O50) 
eceece 
WHit de 

Daal 


OORWNOS 
DR AINMNMD 


WNARAHC 


MOM TM 
LAD LN WOR. OY 


WaAhdtnm 


MINOW DHoO 
MN@D SMO 
eoeeere 


wWwNLAND 


WU DMUTW 
OAnRhROD 
ee eee 


NAN 


ODDOAND 
ANDOMOMN 


eececee 


woMmonnm 
aid 
NRROORKRM 


tmnrwmouw 
eee ee 
NMR AD 


NDOWOZM 
oaaocam 
=) 
2= 
Nw 
Nea 
4 


FIODONSO 
RIOR MO > 
eecee 


LAMOCUM 
al 


ARWOR 4 
oORWOUTO 


e cece 
WNDHO 


MAOONR 
RAR OMWO 
eeceoe 
WNOMN 
4 


AROMRM 
OMmnm~aonmw 
eoeee 


RAINAA 
4 


NOR OS 
AMNAON 


ecceee 
RNWONSD 
a 


DONANO 
FUNWC HO 
eceee 


nwowo 


ARWMAOM 
ROOFUO 
eoceee 


KNOTS 


WON MOMS 


FNWWOOCK 

DMNONAS 
eeeoce 
rNowPMP 
aod 


FURNND 
SNTIRN 
eeeoee 
wrmoann 
a a 


WW FMW 
WU SOMM 
eeecee 
RMUNWO 
a 


WADNAO 
QoONK AWN 
eeeee 
ol NES alms 
hal a 


OMOtoOd 
ODADNM 
eo eeee 
ANIMA 
dnt io 


FTAROKRNK 

RRUIDNOW 
eseeee 
ANNA 
aaa! 


RMOIRS 
CIMHO tT 
ceoeee 


RNARMO 


WAAR TO 
town TtM 
cere es 


wR tam 
~~“ Daal 


Min + +o 
dix 
NDWOZW 
AaZeesrQ 

°o 
Zax 
Nut 
Nea 
aaa 


FNWOMMNG 
ALAM ROC 
ee34euoe 
OUR INN 

aN 


NFOUMAM 
NM AaAWwoM 
ee eee 
om +MmrR 
Sani Daal 


NNIMMd4 
MUNIN 45 F 
eee ee 
RMAaMw 

did 


OMMUWdR 
ROM HHAOW 
oe eee 
RMM+tD 

vii owt 


NMR WOM 
Onn +o 
ole 2\ ‘ele 
OTT 

Sal aol 


96 


RSRMING 
sooamMmon 
eeeee 


RIOOW 
aw NN 


WDOONNM 
RNMOMNY 
eeeee 
aotsrmn 

a <i 


NRFTHON, 

OANA 
eeceee 
DMOMmM 
aio 


RMR DOOD 
CHATAVUM SY 
eceece 
MIND WW 
Ha N 


IMaorwonw 
NOR DOd 
eoeee 
romeaumar 
Sofi sds PRONG 


MMxaAdog 
MOM ALON 


eoeee 
pelea Lalla) 
a «aA + 


OOF HHAO 
DTOMMUAY 
ececeee 
NNT O 

aoa 


NON DOO 
OTM +t 
cceee 
Orn) +O 

axa 


ONN St OF 
NOOTMH 
oeeee 
INTFOM c 
daam 


MNO AN 
STINNN Ht 
cece e 
otMNnN 
aia 


MIAOARY 
WOANNIIN 
cece e 
Orda tr 
aaa aaa 


TWN Ft a0U 


MOEDOLO 
NOMTNA 
eoecec ee 
CUM AIO 
aN N 


RNOOnS 
COMO 
eceee 
common 
a wt WN 


arnnsnwo 
AMMANHA 


ecoeoe 
OFrAMM 
aA aA KN 


wR Seuss 
aA NN 
NOAWOZM 
ecasan 
fo) 
Toe 9 
_uK 
Nx 
Saal 


OnONR 

RRRINMO 
eceee 
RIHOKR 
aN 


ONDOXDd 
arOWOds 
ececee 
ontte 
aN Mm 


LNLAMIOM) 
ANRUING 


OCOARMM| 


ANOCHM + 
INWNMON 
eceee 
mM anlnd 
ete Sea) 


Natndo 
AONDING 


eceee 
mort 
aA WwW | 


NOADMNO 
Oonronnd 
eeceee 


marsnow 
aA xwaAw 


tAATOM 

Onotnd 
ceceee 
DNDN 
AN 


NWO FD 
AHONAR SG 
eececee 
Mmnwt + 
et est 


MINLAN HO 
NUOOdHA 
eeceee 
oOostMOnrN 
din ww 


DIUMCWN 
AN WIAA 
e2eee 
7ALMWO 
dA a ao 


Ot+tsrmMast 
OUNAUON A 


NM 
NDODWOZY 
[a.fa. feta. fa Ja 
fo) 
rams 
No 
ud 
baal 


OAIMT Ss 
FMOHDOOHA 
ees ee 
ADOGH 
aA NAS 


NoOnwoy + 
INMOAN 
ec eee 
DM THM 
ao 


ADM OF 0W 
AOdHM HG 
eeccee 
MINI 
aia oa 


DOO tto 
AMOR M a 
e cece 
urowot 
daa iN 


OVOXoHODMNO 
NANHDOVG 
eceee 
WotR LD 
4) st SIN 


DFTINNMA0 
MDOUNH 
eee ee 
onan cad 
ot rt 


DOOHAOt 
ARNOMYH 
ccc ee 
ONAN t 
aod 


MORAN + 
OONNOds 
eceee 
WOM 
od et NS: 


ADNINDH 
LR MOMR oO 
ececeee 
NIATR 
set) Sierd! Tie? 


BNDMOOW 
UIRMNO 4 
eileksiers 
RUOnst 
mam WN 


MINE MMO 
RMONDA 
cc eee 
MNade 
qo NM 


MTMRERY 
Wt sNS 


DMUR O© 
NOtOn 
eocecee 
NNW 
aN MM 


WINOMMad 
Nooo Noh 5 ba] 


Ramu 
~~ 


ROANDON 
TOOCIHNA 
ececee 
MintorR 
dH Hoda 


MINN. OR 
wocnercor 
eeo2oee8 
FAMOANWO 
aA Nw Nw 


MAOOeN 
AADHOHG 
eocoee 


ROR TW 
an o 


NN FINwoW 
WNnTOSA 


DORR W 
MOmMINnA 
SOIC.00 
stomma 
A waa 


Onatnd 
lepton. olvozonly| 


ececee 
“OMIM FO 
HA as rt 


DOWD ON 
WRTIMMd4 
eceee 
AINWw +H 
aw HN 


Nowttt 
DN AMUN 


APR MAY JUN JUL AUG SEP ocT NOV OEC 


MAR 


JAN 


LAT/LON 


HIT ODOD 
MaNosk 
eee0e oD 
li abet 


MNOkRIS> 
MRMRAS 


DOdKRKR + 
RMNOCOWODN 
eecee cD 
aN 


SMM 
ADHAMMS 
ec ee en 
un NM 


MUOWUNOW 
OnMoWWO 
ee ee et 


Aa NTs 


Aowamcn 
DRMOM4 
ese eeD 


aA wu Mm 


wntuen 
NRORDOD 
zee © oN 
oH WN 1D 


AMMAN D 
WOnnTt 
22 8 2 oN 


CA) Te) 


WIALN MLA 
FOHDI™4 
see © om 
edi NO te 


orMmoonM 
MoODoDoOd 
eee ert 
MAO AD 


WWNOW An 
Nast Ost 
eee e orf 


MAAK 


MONDO 
mronot 
eee oe ocd 
SFHOHD 


MWOSDWOW 
BRIN TN 
eee 8 ocd 
FHOAD 


RIRNAO 
wondArtnt 
eee © er 


tHATAWO 


ORMMHAN 
DOOWMO 
eee ec er 


THT HO 


NWOoDNMY 
manor) 
eee © ort 
LA FLA MO 


MoADTON 
nROROWO 


eee co 


IFNRADO 
nl 


Mtdt+o 
wonMnomnda 
SO OOO] 


mNOHAL 


DOOoONUnea 

NMNUARR 
eoeeoe? 
HMMM 
ao 


MRAM 
ORDHANO 


WARNS 
a] 


RIFON SH 
FNDINOG 


ONO 


ODTOND 

WANOLLN 
eeece 
RNANO 
a 


NMOLM tH 
AMDOHO 
eeeceoe 


KLAN O 


WOR WUMMLY 
TNDOOT 


cme Nd 
_ 


otuMmMmin 
NORR OM 
eceeco 
SMOMLY 

dix 


OOM ANS 
WxANAHOM 
eeceee 
Rw SAUMiN 
baal ~ 


ANODODDO 
ONOAOM 
cece ce 
LO FIMO 
nl bal 


NDWOZN 
Asgggen 
fo) 


z= 
mM 


Na 
xa 


AMUMOATOWO 
oWOMDWNN) 
ce eee 
wormncnw 
ai 


DAL HNS 
MNUMDOW 
ee eece 
FNUANS 
aod 


ee deal ezealS 
WONNNW 
eeceece 
WNNAMS 
dix 


NMOMUOO 

ARRNOO 
eeocee 
WARD 
a 


OAR OK 
NIORRER 
eeceee 


RVUTHDO 


ONDADNN 
NMOWMO 


RNwONm 


AANtOWd 
LAW TMOME 
eceee 


ONRM 4 
baal 


WNW 
Ron 
coecece 


mC cOMmNM 
Sal 


NoOtorO 
Nelo d Si'sins 
ecoee 
WON DUG 
d 


WOrtO + 
DOtR UM 
cee eoe 


mM OM 


comwWwuuon 

RHAOUDHS 
eeeoe 
ImNMw 
aid 


DNOKND det 
WNAOM HL 
eoeeree 


LAR OO 
xo 


TTOMMUIN 
AWOMOFT 
eee ce 
avnonw 
aon 


nowosms+ 
NOADTW 


eceeo 
ONO 
od 


RODFRN 
MRMMOO 
ecece 


RNR ND 
hal 


NINAROM 
OnomMto 
eeeree 


wnuanrnmn 
xo 


NMORM + 


2MaoNOd 
DOOMNN+t 
eco eee 
RM APL 
dois 


AoA ts 
ONNRASM 
eceece 


nmaMmoc 


Daal Dal 
NDWOZY 
seaoagn 

& 
Fax 8 
MIN 
Nad 
il 


97 


MUNDO St 
RRR DS 
eocoee 
lAMmotwun 
aoa 


WOMVINSM 
ONNM OT 
coeeee 
NM acm 
did 


Dooruc 
ONNONT 


Rmaono 


FTROODOO 
RO IOS 
eceee 
RUN SN 
dood 


DIOMWOD 
Onwmnmt 
eceee 


momo 


QORTARWw 
INTO a com 
eee ee 


Romo 
a 


OMNOMNT 
OUN+T HW 
eee oo 


ONDANd 
4 


RN AHMO 
i= FS dt -eloal- ol.) 
eco eo 
ON AND LY 
aod 


STOW DD 
WFTW) OMr 


wtonm 
od ad 
NOWOZY 
heim fee Jas aanits-a) 
{=} 
ZabeS 
mo 
NA 
a 


MARIN 
womasa os 
ecco e 
MMormpo 
aid 


Radom” 
NRMTOc 
eceece 
samara t 
daiwa Tl 


LAN BOON 
otaANoOM 
eee ee 


mNOND 


ANNOSH 
wowostmot 


RAOMA 
4 


RMN Att 
OOIMOTt 
eee e eo 
DMO FIN 
doo 


WWOWMLA 
DAO FUM 
eee ee 
DMHANWO 
~d 4 


DMV 
MMDOOW 
eceee 


RMON 


CONWOO 
AMNMGOM 
eos eee 


WMOMM 
=“ 


nHotmdMy 
DUM OON 


ee eee 
OLINeO ROM 
Saal 


ORNMINM 


NNFRON 
ececeee 


osNNt 
dvd 


ROORR WO 
ero unncg 
ecoee 
Atm o 
dA aA a 


chONaOo 
FTHOMH 


ecco e 
amarto 
dH noo 


DANN + 
omanncd 
eo eee 
aOMoOMwO 
Sal Sn ace) 


RHR INOLY 
ADONING 
eooeceee 


ONOMW 
nid 


WoOWn 

WaAMRUY 
eceee 
DFM 
don 


COO OV + OVed 
Dooodwm 
eeeece 
KRMATO 
din 


wonDmdAMw 
QUSDMOLN TO 
ec eee 
AN OM +t 
x ad 


INO ANA 
MoOotoNu 
ec cee 
PIM to 
a 


TNORMO 
mM oShoMyUno 


ANNAN 
WHAMOTO 
ecco 
OLN NFO 
uN 


ONONHNS 
oxnDOMdT 


WONHOnN 

RoOOMNnG 
eoceoe 
oOnocw- 
dix 


CHODOD 
ek OF rah: Olan 
eceee 
OMnoOD 
Ce ON) 


FTIOMOW 
THOR OG 
eceee 
Ria to 
oH aA AN 


MUCUAIO HCN 
DMOWORC 
eeceo 
oo ceoum 
od 


OR LAM HAS 
WOMOdMr 
coceoee 
OM ANN 
dd -! 


Mon OMe 
NAN NINN 
eocec ee 
otdmMst 
di Ad 


m™O:0.0OM 
aA NU 
NOWOZY 
ESS SD 
(o) 
r5=S 
MoO 
Na 
Saal 


RMONINA 
DOOINGANU 
OMe 
inh DAD 
aod 


rNocoOMM 
NIRA 
eoeocee 


DWFAUY 
~~ a 


NNMO-Ms 
MNARNO 
eoeee 
wuonmea 
4uow 


OMVUAMO 
aro-timmo 
eceee 
nHoMtn 
~“ - a 


NOW AYR 
DoOOndtH 
coceee 
Ars pein 
hal a 


ISMN 
MFWOU 
eoccee 
hon nh co 
Sa}! Sp) GN) 


MHiNk om 
FOR NWN 
eoceeae 
Ds ie dee Fe on 
od hl w 


ORFINEY 
MRROOG 
Sane site 
MINOMR 
Ral onl od 


HDHD HO 
MOON 34 
ee cee 
mMaAtTh 
Calis “Gal ad 


IFOTFPHAM 
LOIN OLN 
aWeliollons 
Nststro 
od al ~ 


AATOCM 
BORNAH 
eceee 
TILA APS 
veal Sal 


DREN CIOO 
DIMEN 


escecee 


RUVOW Tt 
a 
NOCWOZN 
Pad Gin he i Gin§ Chal DO) 
oO 
Ze=S 
MoO 
NN 
an 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


tal 


JAN 


LAT/LON 


Nak ORD 
COMMA IR 
eee e of 
aAatHaW 


OR MOU 
DOWORD 
eee 0 oF 
saat 


DONDNAS 
ANOODNR 
2 ee © ef) 
N FH 


wo toon 
NEO rAM 
eee e em 
N MALY 


AOR NDO 
LOL OU + 
cc ee ot 


CURES 


NDIMDO 


WMNDHRNHO 
ecee ot 
GY) [rep 


wWNrnIMOd 
oONOMMO 
cece eet 


MAN At 


NDOONWO 
OMAR O 
eee eo ot 


NAM At 


SLIM AN 
RADAMOD 
eee e em 


NANT 


WNANANOd 

MANA 
eoceeot 

NAMAT 


NOM AN 
NOOKRR + 


ee ee e& 


xa N / 


LORD LAPD HL 
NURRRLNO 
eee © of 
qa nw Mm 


SCdttnad 
TOWUMD 
ee ee of 
4 NM 


WOXHINNN 
WWInNwrt 
2 © e © of 
qa NM 


DHORMS 
ROMOdd 
eee © oD 
a MH Mm 


Wao tto 
-eOWWNWO 
eee 0 eM 
dH AN 


NAOWKR~ST 
HOIR WS 
ee ee om 


CU wt 1 


mr OMO 
OnODOd 
eee eon 


a a Net 


thRKRM Ow 
onnNnm OM 
ee ee 00 
Dal aan Nw 


ALN FINOM 
OR AROW 
eeee 0 


aA NU OM)! 


mmm son 
WON ODT 


eee eo ee 


ee, oN 


NHMONd 
NOMROF 
eee © e® 
wet LONE SD 


WOAMWUME 
FIMOMA 
eee e eet 
MNDHO 

x 


WNoaouoMN 
MNRLALN LAD 
e@eee eed 
MHADHD 


MMDOTO 
DMiINMOUNIND 
e@ eee ord 
MARNO 


NDOrRDYN 


MARR 
FINTAN 
ee ee ord 


WAIANS 


DOD WUD 
MNADNDO 
a | 


Tales] tation 


OAMTFONK 
FHAMMOM 
ee ee eet 


INH AO 


OMNDIDOO 
RMN ONOD 
eeeee 
IURNO 

Rael 


MINN OOO 
RINT MDOY 
eeeee 


MNOAD 


WONFHAMH 
HDNIFMMOG 
eeocee 
RHNWOM 
Nu Mm 


WNONMdoF 
NINO PR 


e@eoee 
Nel slelel-e) 
Tet 


MNOttoO 

KRROMHAW 
eoe3seve 
WNW 
aod 


LADROOML 
OMNotO 
ecece 


WON Oreos 


WOONNDO 
WaAnNnost 


QMoM4 


MMLAAI oO 
MHAONROW 
ee eeve 
OFOMD 


OTAMY 
-— <i 
YNOAWOZY 
eoocecon 
io} 
rss 
++ 
Ne 
“7 


MAOM Od 
omMmMuoMmow 
e@eeee 
RIRDS 

Nl 


MMNNOWO 
ON SLND 
eeeee 
RMN S 
aod 


OAMRNOO 
OWNMRaOwO 
oF.0) 21.878 
ONIRME 

4 


woNtNOM 
tOoONMoTr 
eoceee 


ONONG 
a 


ODMANnDe 
0M FOWD 
eeceee 


wolnAcdr 


RODOWO 
Mmm NWR + 
Be ORCHO 
OnMnUO 

a 


WO AMMAN 
DOAN OMU 
ceeee 
KRNUNOND 
a 


ONDooN 
MAO TRS 
ete te <6 
aMnR M4 
4 


ROWRWOS 
AN ONIMY 
coe ee 
CMM + 
4 


AMO THN 
TIWR ON 
ee eee 
OWN 

did 


98 


MrotNM 
RMOAAHDOO 
eoceee 


Row we 


SOHAMNMO 
SOMMRHAO 
eceee 


KRNOND 
Sl 


NNW ONO 
OFHRONWO 
eeceee 


wonuona 


ATMUMNO 
DAUD OW 


cece ee 


RNONN 
4 


AMNMMOW 
CMR. OM) 
eceee 
OtomMM 

aon 


TOIDOWWN 
AANOOM 
eceee 


wWwFtrRAOD 


On ATOK 
TUONO Moc 
eoeeee 
WtKRVA 
a 


NOHOM WUC 
NATFTORW 
coe ee 


Rmonw 


MONRO 
WINTADOD OO 
eeeee 
RNRNS 
a 


MOM rDO 
RORDER WY 
eeceeve 
RMON WO 
=“ 


NON FRO 
NOM TNS 
eceee 
OmMmamm 
4+ 


ANOINO 
MANOmM«cr 0 
cee ee 


Otomo 


wromyr 
4 
YNOWOZY 
ocasten 
° 
i 
a 
Na 


NOneas> 
MINNOW RMD 


WON 
x 


RWODOTO 

OMTONS 
ececoce 
nNMonmst 
aoa 


MODONS 
onan tOt 
ee eee 
CUNO Mt 


RMNM OW 
BOTTOM 
eeceee 


nanougm 


atrtoLlmMM 

nROTOXHM 
ececee 
coMmMamo 
aod 


AWNANING 
OTAMNtS 


ce ceee 
RMOMN 
~ 


MROR AD 
ononot 


OManNdd 
4 


OwotaoM 
FOWM IAT 
eet eee 


wrousc 


ANDOOD 
RAMOoOM 
eocoee 


FMUWND 


WNONDOd 
RAO OWN 


e@eeee 
WFNUMLY 
a xo 


oatrstom 
RotTOndM 


eeeee 
RKMowust 
cal Sal 


TtztTFDODO 
monecucrg 
eeccee 
ceNUOM 4 

aw 


NADONW 


Won 
eoeee 


anuamst 
ao 


ON ROLLY 
woMmwonuot 
eoeceee 


nw onon 


AOMNOO 
tronom 
ecoee 


aod 


CRNOOd 

MoumMmtt 
eececee 
RUOMO 
= 


Nanwornw 
wottrtst 
ecceee 


nMoOoud 
Baal 


OAD DMN 
OrDDZ0M 
cece ee 
Rtato 
ool rl 


FOWNOD 
Nadaay 
erecee 


WFRM HA 


MIASNOK 

MODNAM 
ceeoee 
NMDNG 
~ 


DBNOOOr 
PLM tAIM 
eocecee 
WOMANS 

did 


ODFOMod 

MxATMOM 
eececee 
OtNUMR 
aia 


Wom 
othetun 
eoceoee 
CMmtiNeD 
aA wa x 


WWW +0UNM) 
RoOOMOoNW 
eeceece 
NUSANMOS 
ml cal 6) 


WON HO 
mmMmoonnr 


RURND 


AnUOo DO 
WONxADOM 
eceece 


RNDOM4 


AFTONMNUND 
RuOoOdM 
eocosze 


RMOMAI 


nut ton 


dod 

“NOwWo2zyn 

Soca am 
jo) 

2= 

+9 

TN] 

xd 


APR MAY JUN JUL AUG S@P oct NOV DEC 


MAR 


JAN 


LAT/LON 


FR ADO 
aAOnROMo 
eoceae es 
xa NM 


NODoOTW 
NR LAR 
ee ee eo 
aw 


OnMNOR 
MOTOND 
eee 0 om 
a uN Mm 


OR DAWOD 
LU TthMOnN 
eco oe om 
Sal he) 


Dodvwor 
NRWOWUROM 
eo e © aD 
a NM 


WMMHAoOD 
Baorotd 
eeeereD 
A A Ned 


FANNSO 
nHOMomMnA 
eee 2 ed 
N 4d No 


NeowWOTO 
on TOM 
e2ee e em 
~ A NA 


ONnDARD 
Tr ORMO 
eeeee 


vA aH NH 


DOoKnnua 
ORDO 
eee 8 cD 
a oH Neo 


wonnronr 


FOdHODO 
ee ce om 
au N 


han Nw A 
NADWOZM 
(afafefa-fa-foa] 
foo) 
Z2= 
ines 
Noa 
7a 


MONDOM 
monnaunm 
e200 © ort 
SHANdD 


MOWXdoOd 
DONE OO 
20 © © ori 
tHAstHO 


MoOoONxnM 
WNAOON 
ee © © ert 


WAS UN 


DNFUNOMND 
mMooatt 
eee e ery 


wnutwo 


FNOMMD 
tHI2FTON 
eee © ert 
LOCI UR 


RNIOMAN 
MNUNODd 
2 0 0 © ord 


LANA UR 


ADMIN OLN 
WOWR DOD 
ececee 


FRU 
ad 


LANA O + 
TInROIO 
oe 8 © Oey 


MUNDO HAD 


ROOCO?T 

wtMNNnee 
e@oeee 
WtThRITH 
AN 


THODONMW 
OMVUR tM 
eeecee 
inMmounw 
wa ox 


AINIMH 
Norn 


eeeee 


wonncnr 
Saal 


OoTFTDNTN 
DOOWUOU 
e@rsecece 
LRURN Ye 
od 


oONROOW 
DOANMWY 
eoceoee 


[oF aY] Sat kan) 


ORDSRO 
NARDOT 


eee ee 


cmunnno 


FOWMOn 
OUR NOS 
ecocee 
RMOMM 
cri Sa] 


NAMDODIN 
OQNANtMc 


ececeoe 


otOMc 
od 


Myton 
RADTIN 
eeece 
on tom 
a NM 


MONRO 
osvomnN 
eeoeee 


RFOMPM 
4 


NMNTOO 
AMmnMNown 
eoeetee 
CONAIMR 
aA do 


WARM, 

RMORWERAD 
eoceee 
DNMOVNH 
od 


WFOoOM 
RMDOON 
eoceee 


amour 


RIFNOOWN 

MoOoOMNMN 
eoeceoe 
oMOMN 
of 


AHA tOMO 
DHAMIMA 
coco e 
AWRTtH 
xo 4 


OnWOOONd 
Ink OMNON 
eoeete 
otmMstn 
col, Or ce 


MFTHADO 
Deowurnnd 
eee ee 
DtNWO 
aod 


MMoOMnRM 
OoONWOIOH 
eceee 
NONUOKR 
AN 


NDWOZY 
osaoagm 
jo} 


z= 
LNW 


Na 
Saal 


NFtROWO 
NONOSU 
eecoeceoe 
RWoMs 
set Oye end 


VUONOTM 
FMHMNOM 
eeeece 


RUR AD 


FROM 
SToOWONWNM 
ee cee 


Omrcuc 


FADOV+ 
AWODDOM 


OMDoUd 
d 


QNNONG 
MAOMOUM 


OFtrNMON 
xd 


srounmon 
TorntwN 
ee eee 


mUNN OR 
on] xa 


WNtAnRSH 
NADRING 


moot 
ot ed 
YNOWOZN 
(ex hes fran f ck fe [ha 0) 
fo} 
ra 9 
int 
Na 
ae) 


99 


TOM2oN 
DMn.O Ot 
eee ee 
FMR HAD 


DOOR FO 
WAND TM 


eeoee 
LOPROAO MD 
dx 


HIN OAO +S 
MMmOaOn0 


RUtHHO 


AN AOWO 
RIDOnS 
eoeee 


WONwOnd 


LADM ALN 
MUR OLY 
eecece 
WNRAID 
Daal 


ABOMMY 
TROON 
eecee 


OMOM + 


NOD ++ 
NROICUN -toy 


ARDMOWO 
owsrnwur 
eocee 
LINM ONG 


MM) DOL + 
OODNOHWN 


WONOHO 


AFNNR 
FOMMUIY 
coeeoe e 
oN MWD 
send 


DFOON + 
PHAWDMIDO 
ecco o 


ON Ao 


COOL HOY 
WOM + OM 
eee ee 


(ol elon elas) 
a 


ROADIND 

AsIOMM 
eooeee 
OMnRdd 
o 


DON TOR 
NAMM 


woMoUMmuy 
non od 


WADRNUD 
NtoostN 
eeocee 
OtAaM t+ 
dod 


ORE tTO 
DON ONS 
eocee oe 
sono 
aA id 


WNAD HO 
NODS 


elelle eve 
KRMOMst 
dod 


WNOWMuUt 
OMoONn ST 
cece ee 
mmo 
Daal 


WUOINWOR WO 
nmMmn~wonmMmst 
ec ocoeoe 


RUA 


DOUNIHD 
DULIVINTANR + 


m UUW 


AtMNaMM 
OFNRUWLA 
e cece 
wonaona 
a 


NITMTMN 
Ihe INOF 


wong 


MTONKRO 
CHONNS At 


DMOND 


TMOMVNA 
or totm 
eeeee 
Rou tn 
tab ha 


DeRHADOH 
NPR OoMn 


FTHAMGT IN 
TrOWON 
coerce e 
RTHAMO 
~~“ xa 


NW AUMWO 
WORN OCU 
eeceee 
Inmwonmmn 
dio 


MUOMN OD 
MRoMoM 
ecco es 
momo t+ 
aoa 


Noeonot 
wRowWosty 


ee cee 
con Ot hoe 
od 


AOM AN OD 
AMAOM st 


eoeoee 
RON UH 
xo 


CNT ANIN 
DONDHM 
ecco ee 


RNOMe 
4 


DHNTHOD 
ON OARLIAND 
eee ee 
DMN UH 
dd 


tHACATH 
CUNMILA LARD 
ecco e 
DMOUD 
a 


OR FRU 
NOD ARM 


eeceee 
moMmnutco 
al pal 


ONMt+FC 
OFTFADN 
eccee 


OF OMOY 


WOU OMW 
OR AAON 


cece ee 


wtdMyt 
doo 
NOWOZY 
asaqe aaa 
oO 
Fox 
na 
CN TaN) 
a 


Donosto 
Rar oMnMmM 
coves 
rrmoan 
doin 


RNMDOOKR 
IAN AOR CY 
eoese 
Inmonmmn 
a oo 


AON DRG 
ON ODO 


eeoeoe 
Rucmal 


O trot 
_ x 
NOWOZW 
fa fasawads foe) 
oO 
r5x < 
inn 
NN 
hl 


APR MAY JUN JUL AUG SEP. oct NOV DEC 


MAR 


JAN 


LAT/LON 


WODOAND 
DFAT 
eee oe eG 
eA HHO 


wOtdrn tM 
AMR AD 
e@ eee eM) 
NAS AL 


LANNONet 
MAOMOT 
ee ee ems 
NAM AO 


onANR SE 
OAV 
eee © ow 
NATHAO 


RTANNO 
ATHOM HO 
eecee 0 
MAM ALN 


MM AINRR 
SuLoMnT 
ee sce oj 
MANA 


AL RONG 
Rac DOW 
e022 © om 
MANA 


NAUAM AL 
FIRM 
eee eo) 


MANAST 


UNO FOLLY 
INThm CUS 
eeee on 


MANA 


oaoMmtot 
DtTNMNDO 


eeeeem 


NAM At 


WNDOmNN 
LOLNN® An OD 
ee e © eK 


NAMAt 


athNROM 
NOWMON 
eee oe en 
NAr AW 


ROANOR 
ANCOR 
eee eo ot 
oo ae Lae) 


OVNOOHS 
NOORRW 
eeoeoce oO 
aA NM 


NoOtMNt 
roOosRNN 
eee2reO) 


wt QM) 


oOMNaNOW 
NRormMonaa 
2 © © © eM 
oqo NM 


OMWHAMNUO 
DOOKRMN 
eee eo oD 
qu Nw 


Dor Noda 
ORM OTK 
eee e oO 
a Saal i 


TOONMND 
NOWKNO 
eee oe oD 
N vA SN 


NNW DTH 
MOORWN 
eee oem 


N AN 


DOINDOR. 
Donn wc 
eee eo eM 
do Nw 


WUNSDOM 
WODDIEreOD 
eee oe em 
aA NU ON 


IAN TDA 
WOM D0 


eee © em 


aw” 


26 
114 


ARWOOL 
ANDAOTO 
e@ececee 
tmomMmnmM 
wel est 


NoOStRKR 
AMOAND 
eoeece @¢ 


FNRNO 
~~ 


FOWVUTH 
DDDOWD 
eee © ort 


WNAtdNh 


INPRO 
FUDHNGVS 
ee ee ert 
WONTAR 


OMNUMNO 
NMnROT 
eeee ert 


oONtUnN 


ORNTOS 
NMON DO 
eceee 


Nelevivalation) 


NNT IHONM 
NNOOWOD 
eee ee 


wornNtuao 


PMO AXHO 
INWAIOARN 


ONKR NOD 


DOLOMIINM WO 
NOK tan 


tNMOND 


MOnOMUN 
NoxATHD 


+MHOND 
MNQWOZY 
oocaan 
oO 
7AK 
won 
Nd 
=“ 


MxAIMToO 
FTNOCTWwN 
eoeeese 


ROM SR 
aod 


WOFSONINS 

ROSMStS 
eocecee 
FtNoNM 
dod 


WsFrtrNonm 
oonmut 
eeeere 


DMOND 


ATOSRKR 
INDLAM OW 
eeceece 
RNRMO 
Sal 


NRUOMTAON 
ON OIARW 
eececce 
ROURMO 
a 


PO LN oO) OF 
MHAHhkOWNM 
eccee 
OromMM 
aid 


ORK OOS 
PAM TWNO 
ceeese 
AMON ST 
hal Daal Rael 


RNMDWOTO 
FWFIONKA 
ee eee 
ANMDO 
~ wu » 


Noo tnt 
FNUMDUNCG 
ee eee 
~ LACUMOLA 
dx 


NOWOZW 


BROAN 

wOMthet4 
eeeeae 
Dont 
AN 


SAMORNW 
SNOKRAN 
eoeeeesd 


DTOM LS 
onl 


ertMNode 
Mt MNMm ore 


eoceee 
WOMDNO 
a 


oakKMMOoOsf 
RMAMOM 
eeeee 
como nN 


nRWODOMUY 

oONnxHMOS 
ececoeee 

aonuwowm 


NONWMMd 
MOAN 
eeeee 


OMnmMe 


MLR LINDO 
DHAOOMM 
eceee 
otOorst 
4 o 


NMNWNONS 
DOLA MLN tet 
eeceee 
MODOr 
a N i 


MDBONNT 
MOMmMNM 4 
eee ee 
AO ARK 
al Nu N 


AN 
nNoWoZN 
soascean 

fo) 
Z= 
on 
NA 
x 


100 


DoOUOMiNns 
WOUND 


eecoee 
DOTTH 
aod 


DONR AO 
ANH OON 
eoee32e 
otouM 
doin 


WOOnR SHH 
FANON 
eeocoee 


Orton 


FTMOUOND 
ROOrRMM 


CNR NS 
Daal 


Rttotnu 
ROORHM 
eoceoe 


WALAM OD 


MROTNUO 4 
Mona 
elec ee 


wonowa 


SRONNG 
woMmomanm 
eeetece 


DMO 


OMINDaM 
ANTUOW 


eee ee 
Asrorst 
nal aan 


AR AOWNd 
AMMAN 
cece e 
ot 
dod 


MOACOWN 
WNOADAN 
oe eee 


LX don ad) 


aH 
NOIWOZWY 
SoSstaomM 
(2) 
vA < 
eX. «) 
ua 
aol 


ARSOMAKR 

OUONKAN 
eeceee 
DNMMw 
aoa 


OCOWUMNdOoONW 
NOMR MM 
e@acec 


woMmeuag 


RORWAW 
RRuinamon 
Staleiete 
otano 
aA oH a 


WN NOR DO 
NRO 
eeece 
ONS 
xo 


STOMAON 
OMTFOOW 
cee ee 


anNaMe+ 
~ 


MAMDTHO 
nROFTMNOM 
eceee 


nRNWOWMSD 


RMMMMo 
ONWAMM 


eoeceece 
otmrr 
Saal bal 


WORRISTD 
ODMR HM A 
eereece 
ANN STN 
Saal a x 


AN IROHA 
IFOMNW 
cee ee 
POMDWO TS 
aio iw 


DoMunnn 
NOWM Tea 
eoreee 
olives dati 
a 4 


AMNWOZM 


WUNUAMNUO 
NNAR OM 
e@eeee 
WNFtONY 
aia 


OooOrROeGN 
DM AMEM 
eee0ev3e 
NM tu 
aia 


DINAODW 

ouMtat 
ecece 
wonMoania 
a 


UNTOFSW 
NAHOnR Tt 
eeceee 
DMXAMLY 
aid 


OnNDOM 
ORMoNNM 


haom + 
xn 


ROOWIND 
qaondoMmt 
ececee 


KNW o 


WOLOMMOACG 
WAetaW 
eceee 


RMNNO 


MNAN +t 
NOWNAMY 
ee eee 
OMOoMID 
a 


NMDA N 
NONOnRN 
coceee 
OWOAMUY 
Hoa 


M0 MUIHO 
woMtaood 
esecee 
OWno+t +t 
aoxA 


RUMMO4 
AMonwcn 
eceee 


Roun 


WFHMH 
LED LY PIO RD 
eeeece 
rreorst 
aod 


DHDNFMOW 
NADMOMM 
eoeee 
LAM FFD 
aH 


MIMOHN 

Wwnowusztom 
eeeee 
RMRNO 
a) 


ANDOow 
Norinct 
eocee 


CMON 


DAMM FO 
LANA ALNLY 
ee eee 


wonmwvnwda 


ANDDxHAC 

MOOT 
eecece 
aonmanmny 
a 


ROTA O 
OANA 
ec eee 
oWNdMH4 
aA od «i 


ANWOWM 
Won 
eececee 
Ot Dott 
doa 


NOWOZM 
ADSISOn 
oO 


z= 
wn 


uN 
xo 


AOFNSCO 
WAanNwoomMm 
eceee 
tM tO 

aN 


WOON 
NIMUNOT 
eecocee 


LAM ON 
bal 


DAOMMNM 

DOULA 
eee2#s#e 
wonanst 
aio 


WODMNVDOD 

MaODMUS 
eccee 
RuomMnN 
a] 


RWOOMNG 
Orn tnr s+ 
eoceee 


nwuomo 
od 


FOONHAD 
MOADANIN 
eceeo 


WALOAI oO 


HDODOVUR 
otmMoot 
Cher enere 
RAIN AO 


ADFTONY 
IWItRHAt 
eoeee 
RNR AS 
aol 


NOTMMUV 
MnAaOWNM 


DINU 
cal 


NNANOWO 
DMN IN 
ceceece 
OFM 
daixd 


ONONAT 
NMMmoDn 
coeeee 
wot omy 
aid 


APR MAY JUN JUL AUG S&B ocT NOV DEC 


MAR 


JAN 


LAT/LON 


MmowoTwoM 
OMANNER 
eeeeerm 


AAT RW 


WOUAM?O 
OnMndst 
eeees em 
AAT 


AMMMDo 
NAONNO 


eees eo 
Narn 


OORLR LY 
OOONNr 
ee ee eM) 
NAMA 


Donotr 
ROMNDS 
eee e om 
NaMast 


NONOnNA 


NHAAODO 
ee ee eo) 


MANS 


AANSON 
WINHOW 
eeee eM) 
MAAS 


HUMRANM 
ANMNADD 
eee 8 eo 
MAN 


momwwnn 
AFONTW 
esree eM 
MmxAaANaMH 


nRoMNacd 
NMDHADS 
ee ee em 


NANAM 


Onmonod 
NFPA 
ee ee om 
NAMA 


ONHMM +S 
DnAsrtnw 
eo 2 2 © eM) 
AAT 


QHD 
AOCAHNOO 
ce@eeve 00 
AAPM 


Tk TOTM 
MaowOaMmo 
eeee on 
Se ee) 


DONT OW 
NR OnNWN 


eeeoe oD 
aA Nu 


NWODNND 
MOMOINR 
22 ee eR 
4a uM 


RMOMNO 
OrAwoonM 
eo ee ee 
4d oH ™ 


NAODOM 


OnADOMWO 
OOnOnRT 
ee ee oD 
N AN 


ONUNIOW 
DODOCKIN 
2 ee © oO 


aA aA SN 


ANNOOF 
LNDMD 4.0 
ee oo oh 
“aA Nw M) 


MANUS 
Notonust 
eee @ of. 
anN 4 


MROMNOSH 
NNMOMR 


WIA 
aA a 


OANANARND 
MOMNOUOWN 


e@eeceoe 
oMmanmd 


TOWHOO 
TAHNDHAD 


ONtHO 


OM OT o 
aNFOOW 


wonwonqoa 


ANMNTOO 
ottoMrR 
e cece 


WLAN 


MALOCULNM 
OORRION 
ecese 


ROR NO 


LAN SLA 
RuMonwo 


eeceee 


OMRM4 


a 


WDINANRS 
ROTO 


+ruNoMeH 
ad 


AADIMN 
AOA 


RININWO 
a x 


O2D0tOoO 
DOOTMM 
eeeee 
MAT 
aA oa 


WON Dan 
AOMOOT 
eee oe 


RMR 
a 


ROOnTM 
WMW.OnWNwO 


ONIN 


OTMM HAW 
MNDOMOW 
eeceee 


RNNO 


ANMNNNO 


Rn lnmrmuwy 
eeocse 


KRNTUo 


NORDHAO 
Mm tonw sy 
eoecoee 


RNOSE 


RRO ST 
ODnM+t+ 
eeoecee 


hRuwoouo, 


nOootD 
NSFOTFPOT 


CMmRMD 
a 


NOKRDPO 
LINACURN +r 
eceee 
DTFHOKR 
cal! Sr] 


ROOF 
muUnMmMnRs 
isticlete 
@olnomnm 

rahe eS) 


mounts 
~ COMMA 
eoeceece 
wostnn» 
aA od 


nNOwWoZY 
aagec%oa 
oO 


zZ2= 
Ld 


Nea 
~ 


DBOnTMwO 
INeRROW 
ere, erere 
RWW t0 

dia 


MNFUODR 
LER oow 
eaoecee 
woronsy 
Cah orl 


DANO 
RW Sto 
eeceee 


OFRNG 
ad 


ONDATH 
OMOOM + 
eo eeee 
RO OUNA 
xo 


OFTDOOS 
JTNRUORM St 
cece ee 


conwcn 
x 


OFTNFOT 
UTAUMMDW 


RAN OIR 


FNONOK 
DAWOK + 


momuoun 
4 


MOD TMIN 
ADH 
eee ee 
FTNWNOT 
A it ON 


101 


WANDING 
nHOW FO 
eeocee 
Dmowwor 
Nn Mm 


TDL ACU 
DOOMKRM 
eo ee oe 
DUNO 
xo 


OWYM LNRM 
ANOS HM 
eeecee 
DtAaMOo 
doo 


IONFOXnNT 

MANO DOM 
ecco e 
TMM + 


NOAOWtT 
owmmnwac 
eeece 
ATMOS Tt 
baal 4 


RRMOR OM 
OMOOnNW 
cece ee 
POMPOM 
ud ad 


NMR DDO 
MOcDOKN 
coo ee 
OMAN 
dx 


Nn t te 
COWMR Od 
eeeee 
ORM O 
a | 


MMTHAON 
Nonovud 
ececee 
COUWOUR 
aa do 


CoUMoOndMs 
ONADMOW 
cece e 
OTINMD 
Call ead 


NWDOWOW 
NWItcmomM 
eocecee 
OtHAMLA 
eat eed) cent 


DDOnMM 
NOM 
ec ee © 
OMN UN A 
Daal od 


NOMI De3O 
RHARNRIndw 


fo olaal ta = I. 4l 


PORILD FLO > 
SITUA HAWAN 
eevee e 


WAIN OD 


NANOM DO 
TFHtNtd 
eee ee 
MODMR 
elie enced 


WO FOUN AO 
UMM td 


cee ee 
OFFTM 
a dd 


RNTAONR TS 
MOWING 


eee eo 
MOM om 
A Mt 


NAOOtTHA 
OMtOrN 


WLR tH 
aN 
YNDWOZY 
CoC acer 

o 
Z=z 
RO 
UN 
4 


ROHODD 
NOR O4 


Lel—2- ol Neale} 
foplon ly oh a aN) 
eoecece 
RTAMW 
cad Fe San) 


RNONSTH 
NM AR WOM 


ecceee 
aortrM 
did 


Onno tMy 
NoOwOomMM cy 
e econo 
ArNteoo 
md est! iQ) 


AAHOWO 
osttunMn 
ececee 
ATO 
d a) 


LALA TAS LAR 
WOAOWEK CU 


eoeee 
MMoOnND 
xo 


ITMOUREM 
NUON DH 
eee oe 
ots 
ad 7a Saal 


tym tWNDHAD 
OAMNAMy 
ececee 


OmMontry 
dd 


TONAM +t 
oONNNwONM 
eeece 
oFtNTO 
aA aH ot 


MANDO 
NUTO MLN 4 
ee cee 
CULO LAN UN 
AW N 


IAM OTM 
DoVNTUNA 
ec eee 


UREMOD 


nNOS 
oe 
NADWOZY 
asoacom 
Oo 
aeetooes 
Ra 
uw 
hal 


DHAOMON 
WNiNDonrsM 
eececee 


TOM 


FOHMOW 
INR OTM 
ec ceee 
RstounmM 
dio 


MomMmson 
FHOTOIM 
eoeeeoe 
amon +> 
doin 


DORM dei 
wom ttt 


coerce ee 
CO ON 
ad 


AFTOMAH 
nwOMNOM + 


RALWOAID 


FANDOW 
TRKMwowst 
ecco e 


RAIN HO) 


MNFONW 

taAnNRtt 
eccee 
cmcual 
Sel 


toOrRIR SD 
ROM LINDY 


foal olonne) se] 
xo 


On DM tM 
ON OME 
eee ce 


AM OMA 


otrrrst 
TFANoTOI 
eer ee 
LN tt oNI 
da 


NOWOZY 


(2) 
z= 
aN 


NN 
~~ 


INDIND RFD 
anon rm 
eoceee 
Tmamy 
xa ad 


D2OMNOD 
TMmOnRCOM 
eoseee 
nM OUMKR 
ato 


UNUM ONLY 
MOTUOWY 
eoeeree 


INCR CUo 


MORN AO 
ONOrOWM 
ecoeee 


WOINAD 


tTFOMDO 
DONNANM 
cece ee 


Ln Quin CU 


WNUME LAN 
19 FT TPN 
eccoee 
Won cue? 


WMOwOnTd 
MNAN At 
eceee 
RnRMoOMM 
d | 


WLALDAINMD WO 
stinncowr 
ee eee 
mnra mains 
a 


nNoWOz 


JUN JUL AUG SEP oct NOV DEC 


MAY 


APR 


MAR 


tit 


JAN 


LAT/LON 


DWOAADHO 
FNUHDAGCT 
eee o ot 
AAMAS 


WOR MAING 
WOnHOXADO 
e©eee oF 
AAMAS 


on OOMKn 
COM ANS 
eee 0 ot 
NAMAt 


AIFMUWNS 
WVNosFo 
e@eces ot 
Nat 


WAAHOOWO 
RoON@ONeO 
ee 6 6 ot 


uN 


OMIM WLI ND 
NUADMOCM 


eee eo ot 
Md 


LAW ORDO 
AME OMO 
ec eo © ot 


Mau 


nHONRODF 
VQHAGOUVTDH 
cece e ot 


MAN AM 


NON ON 
RAH OMO 
cece oot 


Nd MH 


NODTAMWN 
MAWOtd 
eecee elf 
NAN AM 


AONONDH 
AND IOY 
eee e ot 


NAW AM 


wotroraAo 
WAN AAND 


ee ee et 


AAMT 
NOWOZY 
jo) 
z= 
falta) 
uc 
4 


DR OFOU 
MNUMHAMS 
eee © en 
AAMAS 


DHAOONHAD 
WNoHtDosr 
© © © © ein 
aH + 


tormon 
DOWDWO 
eee © oO 
aaN 


aotrmnuon 
FMOMODOS 
ee © © elf 
nun NUN Mm 


TMOREMMD 
FTOHOIOD 
ee © © oly 
CUPPA a) 


ama trouon 
WO aMuD 
ee 2 © eh 


RIORAMS 
AQDHA Ie 
ee e © elf 
NAN ~» 


AMOS O 
OMtHRS 
eeceoe 


FINS 
Sale J 


NAF LAD 
SItATOM 


eeeee 
LN MOM +4 
a 


WUOMLN ID 
AAR TMS 


womMmona 


AHAODOM 
RORDCLIN 


Ronn 


RK ORNINWO 
yNoowmws 
eoeee 


WNW SO 


MAIN OW CU 
ASN D + 
eeeece 


TmmMoOnMD 


TOTKRNC 
UVMOLY COOL) 
eeeee 


amamMmoNa 


MOFNDO 
OFTHACKRY 
coeeee 


RMON WO 


hmaAroOoN 
MODI 
ceeee 


AMR AD 


WNADAOd 
AOTHAW 
eeeee 


trmnnm 


AO TAM HO 
MOWOIN 
e@eeee 
RODWS 
oq iN 


ONWOFND 

AAHOWNNS 
eeeee 
COIN 
aod 


OOOMOS 
O7nOMMM 
eeeee 


Lo donk TaN] 
pal 


DFHANON 
Nc eMC 
eoeee 
ommonm + 
_T 


MtIHNNG 

wWDaonNnN 
eeeee 
eNOS 
od 


wok CUM 
M OOM = 


Manca 


OrNMWA: 
TrOTTON 
siKeiele je 
OUINMAILN 
dia 


MN OR ON 
ONHAA™MD 
Sieikalisiks 
WWRM 


nNOWOZY 
KASS 
jo) 
i 
ono 
Nuc 
4 


ONOUOOr 
oDoOMNoM 
eeceece 


OMA 


DMFMNdG 
AOMONWDO 
eeceoee 


ON FTHr 


RDOHANO 
rRoOWO”WM 
ce eee 


coOMn CU0Y 


DOnROWNWO 
GOAMMAA 
eceee 
loa onde] ae) 
a 


ODOhRHEM 
Foovod 


fallavoal ian] 


102 


NANA OoWw 
WANN et 
eeceee 
DQreRORLY) 
aA iN 


NMwaUwrM 
FRIAR 


eeece 
DMA Mae 
bal 


NoORMa 
omMtomnN 
eeeveee 
OUOM + 
xo aa) 


OrROXAOW 
AAOW Ot 
eocece 
RMON 
o 


WUONUO MM 
oONMnNonM 
eeecece 


COM HO 


OnTO9DO 
anwar 


Loli Siaeken 


OM ON tH 
momanjm 
eceee 


aonNonwn 
Daal 


MM adm 
Vote R-akavitatye) 
aiveleye'le 


otectm 
x 


TOM ANO 
DNONWOOrd 
eeeoe 
RODNO 
a 


WLAKR DO > 
WxArUTtN 
eeoee 
Rinenmwo 
aA x 


RoOtDHMD 

oCONnstAN 
eeccee 
OtoM+t 
dio 


ORORSO 
INO DAN 
ecco e 
OM MUN 
dod 


DMOOOMDUI 
otdotm 


nRNecwr 
bal 


+tIDMOt 
MFTAANN 


ee eeoe 
NFR MO 
ad 


THOUS 
COMTOM 
eaeee 


Om MN 
4 


MMODON 
TTMNAWG 
eceee 
ALN OUND 
od Daal 


AMM OOF 
oncamn 


OoMmonrm+r 
od 


OMULINTH ae 
CMIMNm4 
eoreee 
OMOWNN 
«1 4 


MOMOMD 
MINNN © 
eeceree 
oOMUW 
aA nd od 


OnRMDO 
aN 
NODWOZY 
SaSIaem 
9° 
72=5 
on 
NN 
o 


LON SHIN 
OR WOWON 
eecoecee 
RKO AWO 
ao 


ANFODO 
FOMNVOXG 
eeeee 


SOMTU 
xa 


WOARIUM 
DNOMWING 


ONO OF 
a 


NIFNWHDOID 
tN toMN 
esece3e 
mom one 


COMtNurE 
RYR AMM 


coeeee 
OMoOMd 
a 


VSFDODONWN 
MOON TM 
eeceee 


WNAWN DO 


TOMMON 
nAOANNM 
eeceee 


anName 
awl 


ADO SMN 
NOORNNM 
eeeee 


amaond 
d 


oanmo.0Mon 
On DAMON 


ecereee 


NtOst 
4 bal 


ROMOST@ 
Oronrotnw 
e2ceee 
OtHtn 
dad iw 


wotonst 
4x 
NOWOZYN 
AS CKD 
io) 
Fx 
ou 
uw 
4 


NOOMNON 
mMMmdodMy 
ececece 
LAM AM 
dod 


ADAMO 
NNOSTTtN 
eceee 
MOR ed 
o 


NAHOR OD 
RORRER DD 
eeeee 
m™moOMd4 


RTOOMW 
OnMOorcv 
ce cee 
amMmomry 
xo 4 <0 


OWRROW 
AR WOSR ST 
eceee 


conummc 
Daal 


OWNINhe +o 
nmMD>O+tM 


RUR Sod 
d 


fopTop Kol clare a 
OARMONN 


OFHNUG 


ORIVINDOD 
HOW eTMN 
e@eceeo 
Wt st 
ve) ose) 


NORME NS 
Dew to 
ecovee 
Mot 
eS) 


NW SMR 
ODADAS 


wWMUnN oO 


RFONORK 
MMNNOd 
eceee 
NtotW 
a 


DIR ONA 
ON WOORM 
eeeceece 
Omatst 
ad dd 


ANOONR 
FMOMcM 
eceee 


OAMOoMd 
dt 


DAWN 
MOUOHOM 
eeceee 
OnamM + 
aod 


MLA LOR 
MANE On 
eeece 
OMONd 
ot 


RUN 40 
HOTLMN 
ceceee 
OtF.0t~ 
aA Nw 


WWINAIDS 
FTOMMAN 
eeeree 
RMOMMR 
da wat 


onmtoM 
w+ OM 
sneleielle 
InMmana 

Daal 


NODWOZY 
ASI err 


io} 
Foz 
ot 


ON 
oon 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


tI 


JAN 


LAT/LON 


SoFNUNO 
NDAAMWD SF 
eeeoce 
FTMOMOMWY 
aod 


OOnVNOO 
WNOTOS 
eceeoe 


WIR 
od 


KR WU 
wonoronr 
eeeee 


RnR sown 
Dal 


FHADOK 
OnRTAOWt 
eceece 
DMR MIO 
xo ad 


CUMIN OLN > 
Doomwnst 


eeeece 
otrctm 
x xo 


DT ODWOOO 
MM MODOT 


TMmWND 


AdNOTS 
WNADONN 
cooeee 


DMRM4 


DON AHO 
NUMMADO 


LAM ONKR 


OM ain oD 
DAMON SF 
cece ee 
WtomMm 
dou 


ANDWOZN 
socacn 
oO 


ren 4 
tolls) 


No 
x 


WHonuns 
DONOR D 
cee ee oO 
aN 


OMNR MO 
MOFTRAN 
eee ec ot 


Ck Aw tae} 


DoMmt stn 
WTORDMN 
eee 0 oN 


aN WNW 


DQONOMO 
AOMUOMC 
22 © © en 
un UN ™ 


NOW 
NURRODO 
eee © oN 
Nn Sa WwW 


WIND tOo 
CNRMORM OM 
eee e oh 
N aA Ww 


FINUNRNUD 
ORY wust 
cee e oh 
N aA NW 


enNoO tM 
ATORMNS 
eee © em 


N WH WN 


MNIFNOH 
ACN OND 
eee © eD 
N FH Mw 


WNDOMON 
ROCODTOd 
e228 2 em 
oA NW 


mMHAOTO 
WoOARNRO 
eee 6 oN 


aAaN 


WrMnin Ono 
NOMAD 
cee e of 


Axa Mm 


RINK MOL 
FokROW 
eee © ord 


NNWTE 


BDOMtoo 
NWOWMOaD 
eo e © ort 
NAT AW 


oe l= i—T—]—) 
MR ALNOO 
eeea ord 


Mata 


ITNMUAN 
AORMOD 
eee eo oN 
tHoMqdW 


wuonornu 
OMxATNO 
ee ee oW 
tHAMAST 


ARON OLY 
AMmOTOO 
eee © ort 
STANT 


AOR NOM 
toHoOtWH 
eee oe ef 
MHAMAt 


HODITMD 
OrtrK two 
eo ee &@ ord 
TAM HW 


WINDOHO 
HAomtud 
eee © et 


MANS 


NAODAW 
monmMwot 
eeee 2%) 


NMHAM At 


NNUMR OD 
ADNRIND 
eee © o-4 
MM IL 


AtTHHON 
WNOoO+tDD 
2 86 © od 
NaN dt 


NOWOZN 
eoosgem 
jo} 


MMO 

ANMATMH 
eeeee 
wWrVNstwo 
wot 


FTDnAOCOCWO 
Matnmom 


Nom 4 Sel—) 
a 


ONORAOM 

anuoonnm 
eceece 
RTONG 
a 


CWMMdo 

tonntt 
eeceee 
Onmnman 
4 


ATR OOMW 
OM Dt Ot 
coe eee 


OmMiuoNaid 
a 


iNew torn 
NVOAON 


eceee 
NstNM 
a a 


DNomMmwooy) 
notmot 


DOMINNUD 


WNMOOH4 
WMONAFLY 
eoeece 


OM O-~t OY 


MOON TO) 
ToMWWnst 
ecocecee 


RMU 


wWONOONM 

MAUMDOOW 
eeceee 
OMnnaD 
al 


DaAnATtxHaM 
AADONF 
eceeoe 


RSTONUE 


MON OOUW 
RR NW ODD 
ee eee 


MAINO 


LRN FOO 
SHORMA 
eoce ee 
WFO FO 
aN 


ROM DIN 
SINR MoMmN 
e@eoce 
RPA 
oda xo 


S2NNMRRO 
WMO Se + 


WOMiINw 


Dowondt 

DOnRRERM 
eecuocee 
TMmonNs 
aaa 


OMxdROST 
Noorwnw 
eee ce 
aston 
a oo 


RFONNT 
ODURMOPM 
cc eee 
wonwnaic 
ad 


AOTHMD 
QW AMM 
cece ee 


NIONG 
al od 


DOW wn + 
ADR DOM 
eeocee 


OMmMnRNA 


LAM WwW +OHW 
antMow 
eeceee 
Mradto 
Sm bru 


mods 
Hoo 
NODWOoOZY 
Oo 
ren 4 
oo 
ud 
aol 


103 


LOLOM © th 
LAD MLINM ON 


RFOMD 


MNM ASH 
DuUOwinry 
eceee 
RINK 
Call ese 


IMR DOD 
aostOMMst 
eec3eee 
OMmiInN oO 


RODRMO 
DUDONY 


WN tue 


ORaotrond 
OoOHnttor+r 
ecco e 


WONONNK 


DUNN 
taNOMM 
ee eece 


vt OY SS, 
xa od 


NANO + 
LN O10 OF 
eeree oe 


OMUIN CUO 


OMIA CUM ON 
MOM 
eceee 
RNOTO 
7 od 


WMOMOR 
MOoOAMHONd 
eccoee 
COMM ino 
xa xo d 


WDIDRINW 
RAMAN 
eco © © 


anNOMal 


anNNMnN 
=4)) tet 
ADWOZWN 
Sara 7moan 
jo) 
eee 
fonts) 
NN 
hal 


KR AOOR 
NDMNUM OM 
eoeoee 
LN FHM PO 
a bal 


Ntonm + 
-eOdMRM 


in +O 


toMmrRwOW 
NODONMN 
eeeece 


RMR 


DAINTOO 
AMNowM 
eee ee 


RNLONo 


LARUR OO 
fon Tom Tontoni lay.) 
eeeceo 


cMmONM 


ANON 

OMAN 
eceoe 
wonNnuonoa 
Saal 


OorndrO 
Once Ot 
cece ee 
~wNOND 
ud 


ONAHOM 
AWNAM Ot 
eco ee 
Tmo 
aa 


DINO AIA 
~ROMUIKNS 


OMmoOrM 


MnminAtam 

Ratnwonw 
eeeeoe 
RINDI 
dx 


MomNnaso+t 
WOnMn + 
eccee 


tyaone) 


TONOMM 
AMNOMC 
Ct CO 


WINNS 
nal 


NoODOMed 
ONNOHTM 
eocoee 


FmORNUD 


MmMMOtANR 
MOOK 
cece ee 


wonuna 


INCUM ONO 
onOMoM 
coe ee 
my khd 
ad 


MUTINOR 
WINDO ALY 


wnulnnoy 


OR NOM 
TRUM M+ 
e cece eo 


marnwono 


ROOdot 
OOMNURN 
eccee 


NUTR 


DoMoww 
TM 2MO 
eceee 


war tam 


WFNAILIO 
WoOTOnM 
ecee oe 


WOnmwomdy 


ROOM 
NTFNOM 


LN TMIOIN 
dia 
NDWOZwY 
aacoacm 
jo} 
Poa 
ow 
los TaN} 
4 


DiNTAOKR- TF 
OnTOHN 
eee ee 


trmmon 
cal 


NORAD H 
FUONFHOM 
ececee 
wstdKPM 
dix 


WAN TOF 
MNUN@®DtH 
ececesn 
arnum 
a 


NOOTOH 
OdAHKROT 
eee ee 
ROR 
Dl 


MMINAOW 
AMANO + 


mmaoce 


WARNER 
LNMOOMLY 
eececee 


OMRMd 
od 


OMW2I) + 
TON FHT 
eco e ee 
MONO Mes 
aol 


THIAWO ALN 
NONAAC 
ec ec ee 
IMOTFL 
Celie rll oem | 


NACOCLY 
motrneMoq 
ec eee 
aMmunthe 
bal od 


NAR TODS 
NONVONG 
ececee 
RIMMING 
iNT 


oOTrOonNwnD 
NUON FON 


DOARARN 
OMFTOOH 
eesoes 
OnRUWOO 
uw %U 


ANODODMND 
WrAstUeM 


IAM Omer 
al 


ONOTM4 
WoOmwowuM 


slietelele 
RMON 
Hao 


NNN tITO 
hoot tOsiod 
eoceee 
Drone t 
dH xo 


ROMDUMMY 
Ro HoOOM 


RMARMO 
~ 


DINMONT 
ATrTOOMIS 
ecece 


Rouncm 


Wo OWN 


WUT OoOM 

eececee 

O's rr 
ud 


Onwocnrea 
NMINN Mot 
eee ee 
OmMworid 


NAN AMD 
MOND AV 
ecec ee 
NT TNND 
Nu MN 


AMON 
DIANA 
eceece 
Mun Oth 
od baa 


On TUORD 
AAADON 


WFtCcMIA 


APR MAY JUN JUL AUG SEP) oct NOV DEC 


MAR 


JAN 


LAT/LON 


AROS 
RIOMOM4 
ee ee eM 
aAaM At 


OoToos 
ANrOnOd 
eeecs of 


AAMAS 


DORDor 
MNODNDO 
e© 2 ¢ e eM 
NAM + 


NMR OOD 
ANRIMUY) 
eecee of} 
MANA 


MRNAS 
SOON ORY 
ee ee em 


mxnw ~ 


ttnwoon 
AIO ONW + 
ee ee om 


MH 


OR ONTO 
ROdAOMO 
ee 6 © em 
Nu MN MY) 


NADMNRO 
ANWOOMON 
ece cot 
MAN TAM 


OAnMNUMN 4 
AM THON 
eevee em 


MANA 


TPODONNMN 
FUDAN 
eee eo ot 


NANA 


RRONRNDS 
NIN ONS 


eee e em 


NaN 


wnmain ty 
RIDIONW 
eeee eft 
AANA 


CORVUOnAS 
FUNDAM 
eee eo oF 


acs + 


ROMWFOW 
WMWxoADORDS 
eee eo ot 
AAU 


RNTFOWW 
OHAODONR 
eee oe ot 
van 


FANWOHDO 
ROSORS 
eo 0 © ot 
NaN 


wOoTHADOW 
WONAR FH 
e0e eo ot 
N a Mm 


NOR DML 
WDNR OMO 
eee oe ot 


N ao MO 


NMonot 
ROOOUN 
ec ee ot 
Nn a 


ONXARYO 
DHaAMMO 
eee e ot 
AN ™ 


NODAMW 
CN tTAOW 
eee ec ot 
NANA 


2QANORD 
MAO DN 


eee e ot 
Naw 


MHAINDO 
aMOoOTO 


eee e ot 


Neo 


KTHOWWO 
WMO D $4 


oe d= Joni! y) 
DODON 
eco e or 


NNONSD 


ROWOVARNY 
NFDOAO 
ar | 
MUNNAR 


NAR ODO 
oxnstOoxnM 
eee eo or 
TMA 


MOWADS 
MORN OCU 
eecee ord 
NNN 


ADTR AW 
WMNxArRaM 
ee ee od 
tHtdh 


DTOMOARW 
osmMonowom 
cece oe ort 
FHamMnh 


NaAAOKRK 
rADOmMOM 
eeoee er 
WanMao 


TOGTARY 
MIT OaOdN 
ee ee or 
wWtAWw 


NOW tor 
MMNREAD 
ee ee ort 
NNT 


NaADOOTH 
OFTNUHDAM 
ee ee Ort 


FNS TAWO 


ANAD DO 
CMR coon 
ecee ort 


MutaAwO 


OBS 


NIMHOO 

TFOOCRM 
eoeeo3ee 
FPttn 
“a4 


ANNHANDO 
AuMmaom 


WstoOod 
a 


MMOWOLY 
NOMMSTR 


WNNOND 


PUNINOWNS 
Rtonuosr 


Mrmarca 


bed telat tance) 
DONOAT 
eerece 
coMInNyN a 
Rael 


WADOR Oo 
LAN on onM 
eeceee 
nroOonm 
a 


DoIOOTH 
QOnnoDst 
ecoceee 


womMma~ana 
par) 


WNoOANnNed 
ORAM S 
eeeee 
mMrPeonm 
doo 


NRO 

MOMNKA 
eecseve 
wWNnoty 
aA 


MON dOd 
MROONe® 
ecoee 


LANE UO 


dROIMO 
MMNMOOWN 
ee eee 
WONoMst 
dod 


RHA ONDOH 
FHAONMYW 
eveee 
MAUNMS 
Daal 


HRORININ 
WOMAnRWO 
cece ee 


Vu WON 


RO TN 
NRWOMStON 
eoeeee 


woNonn 


MMORRO 
SOT ORD 
srelleviele 


INU 


FTIAODO 
DITOMNY 
see ee 
FrrdaNTt 
Hon 


104 


AONR SH 
oOMnROOM 
eaeecee 
IMINO 
ad xa 


ANMORN 
wWwwwan 


wostnoune 


RNIR OO 
oNWNoOATW 
eeeece 


RNIN oO 


NOMNDNHD 
toedHtetwo 
ejelevete 


nMONWAN 


ORLAN FUN 
Worstnsr 
eer eee 
tMoMsy 


~~ 
NOWOZMH 
scacen 
° 
z= 
oxo 
mo 
~_ 


INS OLINLIAN 
NOIR NG 
eeceee 
NaN 
NON 


DHARMA 

MaDoOA 
ecocee 
Rom 
a] 


INWMUR + 
WOtTNorwo 
eeece 


ONO 


rotmom 
MoANNWO 


WAIL 


ONDONS 
eee ee 


wononnr 


QoOWODOd 
ORRWOMO 
eeceee 


Rano nm 


RR ONO 
OnNUO+My 
eecctee 


maMmanty 
Dal 


ON THINS 
FATHOOM 
eWeke iene 
wrmannm 
fl oc] 


ROONOOD 
aIamod +t 
sieeve le 


rMmnrnMnad 


Daal 
NOWOZY 
fafa fafa fates) 

fo) 
Fee < 
on 
mn 
bal 


RNHSCOW 

KRmsooM 
eoeoeese 
mMomM 
aia 


OMWIMAN 
MOADUOM 


LAMR AD 


MMOdWON 
woNnmmMmTaw 


eoceoce 
CO SF RMONOLN 
aod 


Ne wowNM 
OOUUNRUVSO + 
eeceee 
RMROIO 
xd 


OMUDD4 
DOnRDO+t 
ecceee 


omonm 


RUMRON 
NAR AOW 


WNINOUCO 


NLADN + 
RTONOWO 


onNoun 


MORLUVMD 
wat TOW 
eee ee 


onto 


OutOPrM 

DMMHOM 
eececee 
DAMOMU 
stn 


WNMOKKRA 
dH toon 
eececee 
otutn 
~~“ bond 


MORTOWO 
aonreomou 
eceece 


nNFOtM 
ao 


ono tc 
JFARTAN™M 


IFMtoOnr 
dio 
NOoWOZY 
(afafa fasa [28] 
Oo 
z= 
om 
mn 
oa 


OMAN 
MoOnAwOW 
e@eeee 
Nttto 
da xo 


wOMNnNtOd 
HON TRY 
eee ee 


ceo1oum 
ao 


WOWANSND 

WOUONS 
eeceee 
eSNOMa 
ad 


TNUOFRKR 
DoAAOWD 
eccee 


LAN +O 


ADNONO 
WOM DOWN 
eeoeee 


NAWOND 


ANN Nt > 
NAMM) + 


eee ee 


worarnrn 
hal 


Onwonvnort 
UML CUO > 


TOnnNwoNw 
ADIOMOM 


IMAM > 
Sa 


ODoOMOoM + 
FODOMS 
ecaece 
Fuown 
dia 


WOTNHNAON 
WoOMNnR St 
eeceee 


woMmamny 
xa 


SANT OKN 
MoaemwM 
eecoeese 
DIelMd 
d 


NMMUININND 
ontMonst 


aur Mo 
od 


ROMAD 
Ath ARS 


RWOMD 


DANO At 
AR NONWD 


eececoe 


RRND 


FATTO HNM 
oat oNDM 
eeecee 


Naor 
ud 


ROWOWWO 
otMNont 
ecco e 
DMOUNO 
Sal 


ODFNADO 

tatoudM™M 
eceee 
otntn 
did 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


JAN 


LAT/LON 


WONTON 
MMNOAW 
ecsee et 
AAMAS 


omMudsst 
wONOOSre 
eee © ot 
Aan 


RMOMR WO 
onnHhOd 
ee ee elf) 


Naw / 


NOON TO 
WODRNG 
eeee elf 
NAN 


AUMWONMO 
ONndOTN 


eee e@ eif\ 


ws © 


NODNM+ 
WDORAN 
eee oe elf) 
ON) Sabb) 


FOO ttt 


ROGKRMO 
OnHDOT 


eee © on 
NAN 1) 
NIMMU 


AHMOM St 
228 © © aif 


uaAN 


TNR HAD 
SNUMONT 
ec 8 © of 


AANTM 


AO THOM 
RWOMAR 
eee © oN 
AAA 


LAM NISL OD 
DINO ARR 
ee ee 0 


AAMAS 


WD Ft OM 
OFOtHd 
2 @ © © eM 
NAMA 


DHOTMO 
somacnunn 
ee © © em 
MANA 


MIN OM th 
MNONRO 
2e eee em 


MAN At 


NINN NWO 
ADMAOW 
cece © of 
MANA TS 


THAMR DOO 
wMstmouwo 
cece © ef 


MANA ST 


FOr oOM™M 
MNONHO 
220 © eM 
MAN +t 


FANDOM 
MIOMtH 
eee e oD 
MANA 


NOtadH 
SINT 
eo 8 8 on 


AdAMHAt 


FOIDMM 
FNUNONG 
eee e ow 


NNOND 


DOONAN 
DNUOAW ON 
eee © ord 
NNS HO 


MNOINUR 
DODAUMY 
eecee oW 


NAMAS 


TRAUMON 
ADNMOO 
e@oecee ord 
THMAT 


onnNnnNnto 
ANDOUOLN 
ee ee ert 


WoHAtHO 


WO TAINGININ 
VNAWNODD 
eee 6 ord 
FANT S 


MNONINS 
NON tae 
eee 2 eo 
THMHAW 


OFTTOHH 
RmOMMNMN 
ee ee od 
LAMAN 


ARRMNW 
NDM DIN& 
eo 2 0 © ord 


THsrTAWO 


AMOR ON 
ANROAT 


eee © ort 


MOUND 


NOANOW 
tHAMTAMO 
2 2 © © ort 


MUTA 


DaANAOW 
NIDA 
ee © © eA) 


AIDIM AIL 


RNWNLO 
WLOMR O00 
eoceee 


MMO 


WOTORM 
DOMDON 
eee ee 


MUFHO 


MTFOANMG 
RY AOFt ORK 
eee oe ert 


MIUFAW 


RTORMNR 
WON CMNs 


WALAN OD 


AMawWind 
WNWMNUDOO 


ON HR 


POOR OOW 
OOD0dM 
ee e@ 6 od 
FHAMALO 


MUON 
RWMMOD 


wOntuR 


DVUAHOM 
OAMANH 
ee ee orf 
WNTOAIO 


MNowoo0nmn 
MMUNAN SD 
2 0 © © ord 


WOON 


DOCDOON 
WDNR 


eocoece 


IN NLNa 


ARTI 
NOM 
ee ce © ord 


FOUNUO 


NORDOD 
Orwonon 


ee ee erl 


NOD 


TROXHON 
LAN CUMIN O 


MMmOn AM 


MUNDSMNOG 
OR OCOON® 
coe ee 


FNOND 


aeNWonM 
RU TAMRO 
cece e 


FUWONUND 


WWDTHN 

MeUcernw 
eceeece 
RmOnR+t™ 
xo 


Sah AMNY 
(- oHoptoalwiioal. o) 
cocoa ee 


tHAINO 


WDNDHO 
WOR MUO) 


LACUS ANN 


RFOIMNMM 
RAAT ORM 
ececeee 


aM INNa 


tFoUNUIND 
FFOARD 
eee ce 


wontnuo 


ONNMOD 
OMOAAND 
°° © © ort 


LN NULLA Cm 


NHADMDMOO 
StDNHAION 


cece ee 


WNMOM® 


ANOUOME 
RUNOONTc 
2° © © © ord 


MOI tO 


rma nes 
xo 
NODWOZNY 
ooaIcea 
(>) 
z= 
do 
rons 
a 


105 


TODMVOM 
On WM to 
eeeee 


FUOND 


OOK FINO 
OMONWOnN 


OnNstND 


Drartown 
MODNTWONM, 
ecco e 


BRON 


OHAORORK 
MMDNoOnr 
coe ee 


WOITAID 


MAIN © At 
NOU AP 


RMOW + 
aa] 


tN tM 
OOOMMAO 
coc ee 


NMR Mo 


LOAIND cP 4 
AxANOMO 
eoecee 


POMWOOI 


NWO AMM) 
ATCOOUMN 


ITN AR 


Wootto 
MmON@maon oc 
coecee 
LACUUIN AR 


DFOOMMD 
DUMcm co 


NNUMORe 


AMXANM + 
WW Ont 
© © © © ort 


THAMNO 


nRRWODDMD 
WMNAMOD 
eeeee 


wonlnnn 


MRMNONM 
ACOOnRN 


manonmM 


AON Od 
ANOOTN 
eeeoe 


ONRMD 
~~ 


WO +t OU) 
On DT TOO 


LOAMONO 


NOMVMUTAN 
Veen la lente ot 
eo cee 


FMM 


DDHAND + 
OnNAM AN 
ec ee © 


moyocmM 


onRtOOoO 

oOMmMmNudwO 
eeceee 
mAMmMmo 
A 


MNFTONN 
DOWwDNO 


ee2e0 
MOM OU 
bal 


FRO TMOD 
NDOMNDON 


FUNAR 


omosroonw 
INh OOM 
eceee 


so OULN HR 


WOMNDMAW 
LOAN UNO 


NALS 


WOR OUVA- oO 
DOONDO 
© 0 8 © ord 
taMain 


OdtoOWCS 
NHAWOHM 
e 2 © oe ord 


WMHtodne 


INDONDO + 
MI DWNNO 
e@ ee © orf 
LNOCUM WO 


DOONAN 
NANA 
© © © © ory 


LON LANARK 


AONKRNS 
OMAUNWO 
cece eo 
LARD COM 4 
aol 


NFROWO 
otDORN 
ec eece 
mun nD 


YNDWOZM 
Goscwn 


foo) 
reas 
at 


mo 
Doel 


WwoTORrD 
ADDN TMWY 


eeceee 
MNATIN 
a oH 


NoASHAoAMD 
NODFTOKR 
eee es 


MNANO 
~~ 


OMtoAstw 
ANHAHODO 
ee © © ord 


TNR MOD 


aoOMtNeo 
OM OMR. 
eeceee 


LANIWO NUR 


NOON OL) + 
WOtFMOUWOD 
a 


WAIL AIS 


MONON 
LLAMA 
ee © © ord 


SFHtHO 


MOMoOMO 
WWODNVIOWT 
© 0 © © ot} 


WAtNO 


WAROND 
DM aAIH 
eco ee 


UOT Wekaion) 


Nm 3 OLAM 
OAOMNMNM 
eee ce 


LAM.O CUO 


ARR DON 
OonnEsnxc 
eee ee 


mywasm 


WONDOWMKR 
RMON 
coceee 


NUON 


otMmPMot 
WOnADOMO 
ee © © ord 


INCU AR 


On DHAOM 
WONUDAM4 


eee ort 
MAtrHO 


MARMOUC 
On ONAN 
ee 0 © ec 


tHAMAO 


INDRAMC 
tHtotd 
2 © 0 © ert 


LANE LAO 


nNRowtror 
tFRMOMD 


WANN 


nM +m 
Matton 
e@ 0 0 © ed 


FNUWAUN 


AITNOKR A 
mocMwcCcm 
ee eee 
MUR MS 
a 


THIMR AN 
RUN Oo 
eecee 


MALIN CUR 


NOWOZwW 


awa 


f=) 


APR MAY JUN JUL AUG SE? oct NOV DEC 


MAR 


tu 


JAN 


LAT/LON 


ROMMONW 
NND ADS 
ee ce 0 ot 


AANA 


wONmMostO 
FHARRG 
ee © 0 ON 
aaN NS 


DOW INA 
DBonrow 
cee oe on 
Aan Mm 


WNttrstw 
tonREM 
2 © © © oh 
Nad 


WNOMNta4 
NOMMNMO 
ee ee oN 


N wa 


RoMUwin 
WONTON 
ee ee elN 
A aw GW 


ONVURM™ 
TONDMN 
eee e oO 


N AN 


OMHAINdo 
MoMoww 
eco e oO 


Naw WN 


NANTMO 
Wooo) 


eee e olf 


NaN 


UMANDDO 
OAAKR OT 
ere e 0 
NAN 


TARNAM 
RAUOOnNN 
eee 2 oi 


ada NW 


MOMoOcn 
atom womMmo 
eee 2 &©0 
ada NW 


YNADWOZY 
eocaam 
fo) 


Zaz 3 
NN 


Met 
x 


DUACOKS 

Monoued 
eeeoce eh 
vaAN Mm 


MMoMMEd 
OnRRUNS 
e@ecee otf 

4 Na 


AMR WON 
NR OWN 
eee oe ot 
aA oH Net 


FMMORO 
FOTITRE 
etervenelielty 
Hod AH 


INOTMO 
WINN Tt OS 
eee © elf 
dod dd 


MarmMOOW 
ONndATKRO 
eo e © eM 
ad pal oda 


mOMmtOnNO 
ODOHATOW 
eee 6 elt 
di va AH 


ONKDONW 
On FOdM 
eocee ot 


aA A NA 


aatrnem 
NOMWM D+ 
ee @ @ elf) 
~~ ~~“ ind 


aM I0OKnN 
Neo TOON 
ee © © Ort 
dH a Ad 


AODIOMNG 
ON MLO + 
eececeet 

da Ado 


nHoOWO2ZY 


AMHAWOO 
AHAODOK 
e eee elf 


adm 


RODMNOD 
NOWR NO 
ecee oO 
aN 


WWM 
Tornonn 
e@eee 0D 
aA wt NI 


LN O HHL MD 
CORRINAR 
°© 0 ee e® 
4HAa WN 


DHADDOR 
ODOR DO 
ceee om 


N HA N 


ANFONM 


ROR DOWN 
WONMAAH 
eecee oO 
Noa 


WFO HH 
DARDOAOD 
eee © or 


AANN 


Toetowon 
AOTMTIO 
ee ee eW 
NAMA 


RNURAWO ST 
WLINLNCUR 
ee © © om 
NAMAT 


WotnMR 
OTMOCOOR 
eee oe of} 
NANAM 


TFOVUMN 
NMNTORK 
eoeee eW 
MAM At 


RNA UO 
FNDARYW 
ee ee om 
MANA 


INI OLA RLY 
RRWORHT 
ee ee eM 
FAMAW 


NODA 
OWN AD 
ee ee oV 
FHAMAW 


OODIVNtO 
TION OH 
ee ee om 
MATIN 


qItsrout 
OMA AOD 
ee ee eM) 
MAMA st 


won tntt 
ROMORN 
ee ee oN 


NAtAW 


HDoONDD 
NROOdWONR 
ee ee en 
naam 


FRR SO 
FMOORN 
© 0 0 © ord 
NNO 


NShR oN 
WOoONDaDow 


eo fe © oe 


NNO AR 


WOWCHD 
FONDHON 
ee ce er 
MAta0 


ATFTIMHNO 
Inch Mar 
eee eo or 
INSTA 


WIAMDWN 
MOttHR 
ee © © ed 


TAM AW 


WAN OO +t 
LAN LYOW 
ee © © ert 
TAM ALN 


ANOIMD 
NAN OLN 
ce @ © ord 


LAN + OW 


TIODMOMN 
OM On.O0r 
eee © ord 


tAM ALN 


ADONMO 
MOW ~t oO 
eee © ord 


StHTtHO 


ANOOKRD 
RON OMN 
ee © © eed 
MAW 


MODOMNOD 
AOWOres 
ee 2 © er 


mMusruw 


mr OOO 
THAOTHO 
ee eo ord 
NIN tHA40 


106 


LAD CUNO 
WFttKRRY 
eee © ert 


NNOND 


DDORKRO 
wotnounm 
eee © ox 
NNR 


TOR HADD 
MON SRO 
e@ec3ee ort 
MATA 


QADONHO 
AMAOKdN 
ee © © ort 
LA CILON OUR 


OMIA OO 
MN AOD 
eo © © ext 


otaN ES das] 


DOODONTG 
MWOoDowo+t+ 
eee cord 
tAMNWO 


mNO OM 
TOWSOAM 
e © © © en 


LANA 


ANN t+to 
MIMO 
eee © ox 


LAN STON 


OOO FT tt 
MoOTFOOW 
eos © © ert 


TATU 


AMMUODH 
nRotTHMO 
eee eed 
MALANIN 


TAND HAAN 
ADD TAM 


eee © end 


monje 


AMO FUO 
tat twin 
eee & eet 


AIOULA CUR 


ONATM 
MMR AOS 
ere e orf 


NNRMO 


TOR INMSD 
ANON A 
ee © © ord 
LANLD AR 


ONUN NON 


HOMNYKR WN 
eee e ert 
LAN FAC 


STMOR OW 
RR HOON 
eee oe orf 
SFHtFAO 


OoOrNond 
SHOR MN 
ee © © ert 
WHAM AHO 


nRDDORO 
WAanhmonn 
eee © ort 


LON arm 


Lt CoN of aN on) 
IOn AOM 
ee ee ocd 


MAN ONK 


MNROM+TO 
AnRNODD 
eee ce or 


NAT AY 


TANHAT 
rFONWOM 


e@eee eo 
aAodMast 


FINOCMNO 
RMoOOON 
eee e em 
AXaAMHAM 


MNOTOW 
ANH 
eoeee ot 
NoAMAS 


WNWNOMOrM 
RAUMNWw 
2° 0 © © eM 
NAMA 


ONIOTHO 
WAMOMNa 
ee © © em 
N NHM 


Ord FHWO 
MNWONAILA 
eeee of) 
MANA 


WM ATAN 
MUNN 
ee © © eo) 
MAMAS 


NM MUN CLY 
MNNUN OS 
ee ee om 
MAM AL 


LN AOR OY 
RTONWWM 
eco e et 
MAMAN 


RM ODRM 
OM AdM + 


ee ee om 


NAMAST 


AMUOHAING 
Now to 
ee ee en 
NAMATt 


Dornrinnw 
MAO 
ee ee eo 
aoM 


NOM too 
wolnk ama 
eee e or 
AT AR 


IWRMOMO 
oOMNNINTOD 
eo 0eo eo eo or 


NAS AW 


WOWNNOD 
RUMODD 
ee © © ort 
NAtTAW 


DOFTKRRO 
AIN MOO 
eee © ed 
tHtrNAO 


OoONWRENL 
DtOIND 
eee @ ord 
MAaMaAt 


COM OLN to 
otuNMNto 
ee © 0 ot 
TAMA 


ROR OWOD 
Omn Ono 
ee © © ord 


MAMA 


NOOMOK 
LNW A LL OY 
cee © ord 


TAtHO 


WO + TiN@w 
DOMnAOnm 


| 
MATtNO 


Rink AINWw 
MOM Ant 
eee eed 


NAYNON 


DNADNDH 
oRM DOO 
ee 8 © ord 


MN ALNOWw 


MoaADUD 
Mw DUNT 
eee © rd 
AA tH 


NODWOZY 
CAaIseny 
jo} 
z= 
Nw 
mu 
d 


TmeMN OM 
WIAA HOO) 
eee © orf 
AHOND 


OMAN OF 
osnmwon 
eee e eX 


AAT AW 


Mocwmor 
wotnton 
e@ecoee oJ 
NATAW 


WNomMmMtmMa 
fel Uaivel Siem 
eee @ ert 
MoAtrAO 


DHMMOR 
OMOMAd 
ee ee 0 


Med ott 


ROOMNO 
FHAOOWND 


eocee ocd 
MAM ALN 


OtM+t+Oo 
TOMOAKG 
ec ee e\) 
tHqatAO 


DANN 
DMO 
eee e eM! 
MAM Aw 


word Oran) 
LALD SR LN 
eee e eX 
Mast -4in 


ANN ONW 
amor wouod 


eee © eX 


NAM AU 


WANFOM Ds 
DD IANWO 
eee © e-4 


NAONN 


Nae wo 
OOFTOU? 
eee © aN 
AntHAwO 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


JAN 


LAT/LON 


MoONoON 
ornwoMu 
ecoee oD 

a Ne 


NOMoOOt 
wun tor 


e@ © ee em 


aA AN 


aATOOSO 
DMNOMMO 
eee eet 

a aN 


AMR OND 
NN D POP 
ec ee ew 
4 aN 


OrODUNDO 
NIFOMMO 
ee 0 eo ot 
x a8 


AuTAONa 
TiINDM tH 
ee ceed 


vi aN 


DNODOtH 
MOM TK 
eees oo 
7 BLS 


OOtPTHAM 
NOATON 
ee © « eM) 
aA A HN 


DPNONO+S 
eCMxntTING 
eee © ef) 
aon HN 


NORA 
DOAMTW 


eo 2 2 © et 
aA nin 


oOOMowLW 
elise = a~g-o} 
cose 2 oy 

A TIN 


ONUMON 

DOWN OMO 

eee e o& 
oq PO 


NWROSD 
COOK NN 
eee 2 0 
aA a Net 


WOR ATMO 
MDOUOnST 


eo 8 © ord 
aA aA Ne 


RDO OR 
MONWOUC 
eee eo eX 
au 


MItNOWT 
On-FOMUO 
ecocee eo 
cn} winll Qi 


OAOAN AWK 
wmMooDmorw 
eecee oh 
CN pts Teeixe) 


RAR 
pHOOMOON 
eee © oD 
Naw 


tFORDS 
WOOLY 
eee © eo 
Ad Nd 


QI0900 4a 
TOUR OD 
eee oot 
aA NU ON 


on+tyMoD 
QANONNRWw 
eese 2D 
oA NN 


NOWOZY 
(n(n fe. fe fa fo) 
oO 


Zz 
mo 


MH 
a a) 


DOHNOTO 
NMR FOO 
e@eee ot 
TAMA 


DHtRONW 
ITNUROMNO 
eee e ot 
aan 


OMARRER 
NMNOO+ 
eoeoe ot 
NANAM 


FHMOUNO 
RUM TAON 
e@ooe ot 
NANA 


MOOTWNR 
ONASRY 
ec ee ot 
NAMA 


OamMwoo0o0M 
COMMUN AW 
e@ecee ot 


MANA 


NIROSM 
CANN TW 
eee © elf 
Mand 


OMHOtR 
ONMXARN 
ee ec © olf\ 
MaANMAM 


RMMUINWO + 
WONRMoOM 
e@ecee elf) 
NANA 


MORIN OO 
AAHMOMaD 
ee @ @ elf 
NANNY 


foo R rok veltanen 
ATOHOM 
ee 0 © om 
NAM AS 


RMOHTIN 
[TAN eles Noten) 
eee © ot 
AHNHM 


NOWOZN 
oacagan 
(=) 


z= 
Moa 


Lola) 
4 


OFMNNTO 
DRNOMNUD 
eee | 
AHOND 


ortNnNostn 
NONPHAV 
eeoe ot 
NAMA 


ANAM oO 
DNVUMUONLD 
a | 


MNTAWO 


ADKRUOR 
ROnRORM 
ee eo oW 
MAMA 


Wotmon 
DOnONMD 
© 2 © @ or{ 
MAMAO 


ROTO 
MIN TFOND 
220 © © ord 
FTHAMNDO 


NAtuUtn oO 
MONONS 
ee © © et 


THMAMW 


WM OW Or 
MnWRMN 
ee eo of 
FtHMAW 


MNntoOoO 
ANOUN 
2 20 eo eG 
tHNUR 


AFONON 
mn eooww 
ee ee eX) 
MAMMAL 


Mrenusy 
OOD M OO 
ee © © Ord 


NASTAN 


NOMDD+> 
DPR LVL 10 
ee ee ef! 


AXHMATt 


NAMING Mm 
ROTROG 
eee e oW 
AAT HN 


IFMNUR OO 
HROMNNN 
eee © ef 
NAM ALY 


WDDNNO 
NOADMMO 


eee © eo 
MATAO 


DOMMHAOO 
RRRMM 
eee 0 oN 
MAM AL 


MRMStMO 
TROT 
ee eo © ort 


FHM AW 


hROMINNWO 
MODOOSD 
ee © © ord 


FHAMNO 


TRONMO 
nRWWODOO 
ee © © ord 
THM AW 


wouwnn 
WN ONRSA 
eee e oN 
TaMAW 


Otottd 
RRO 
oe © © oW 
MATH 


OWMNINMS 
Noncos 
2 © © © eM 
MASA 


IAN OWHD 
DDIFONVNO 
eee & eM} 


NAtTAYN 


NN OM OU 
Nonwtu 
ee ee ot 
dM IN 


107 


DMxADDO 
ORMMMA 
ee ee oN 
AAR 


AND ONO 
NOWORD 
eo ee Ord 
NANO 


FONKR OS 
OR OTNO 
ec ee oN 
MHoAM At 


OnRNSTON 
ton stMa 
ec ee of 
NOM -4LN 


LYM KR com 
NODTtO 
ee © © eG 
FANT 


FOMNRD 


LNMO WO ta 
eee eo oN 


MAN St 


WUAOMd4 
TORRE ID 


ee e@ © eX 
THM AW 


mONN MO 
OFM aD 
© 0 © © ets 
MAM ALY 


oFHONH 
NMON at 
ee 6 © eM 


MAMAS 


WefopTon™ dT. a) 
OUOOMWt+ 
2 © © © et) 
MAMA 


MOMont 
DROWN 
22 © © en 


NATAW 


DOODIM 
ONM OHO 
ee ee eM 


AA tHO 


LAW Ht tt 
wwmMmamnrd 
eee © oN 
AATHW 


WOTMMAOW 
MNDOF +t 
eee oe os 
AHTHAO 


NtOMoOs 
RIOR SHAWN 
eco © eM 
NAM AW 


OMDDOd 
MOtAAI 
ee ce oN 
MAM LN 


comand a0) 
NOM tM 
eee 6 eM 
MAN At 


NARR KN 
ATNOMT 
eeee eW 
FAMHID 


MOM LN 
WWDDOx4 
eee e oV 


SHtA 


RTMNOW 
LMR INN + 
eee e oN 
MAM ALY 


OmonN tO 
MFDONrO 
eee oe eM 
MAMA 


TOWADNO 
MW FLOW 


eee @ eX! 


NAMAS 


NONORS 
WOR OTM 
cease oj 
An tHO 


AOMM TO 
DOMONd 
ee © © et 


AAT HLN 


NOOTMN 
DMNARR 
© ee © eG 
NANTHO 


NOOMAW 
AM CIN TR 
© © © © ee 
tHATtHAO 


OtAMNIDST 
OTHTOH 
e eee ej 
MAMAS 


ROOMNt 
NANOS 
ee ee eV 
MAMAS 


WLAR + oOC 
ASTOR OH 
eee © en) 
FHAMAU 


LOM FOTO 
OMUOD9 
ee ee oN 
FAMHALC 


OLN OND + 
wDONWOTS 
ee ee eV 


MHtAWw 


tHMTOVMW 
NMNOWO AM 
ee ee eV 
Mdm AWN 


Nom TOM 
FNWMDVOIW 
© 8 © © ens 


NATH 


NNWOOCOD 
oortoM 
ee 8© & +4 
CUCUINOIR 


NWODMNDt 
MDOOn- + 


| 


NAN AO 


KS AOMNOt 
NOWnRM+ 
ee © © ory 


MAW dR 


DAONOMN 
MOLINA AIN 
eee © ord 
tdiINNn 


WOMONDM 
AON 
ee 8 © ort 
inate: w 


LNW OCU OY 
AON HOM 
© 20 © © or} 
WA t UR 


RMNAOMD 
NDIODO 
ee © © od 


INdtAWO 


TmOn OND 
ANDAR OM 
| 


MWHAtrAO 


RUFOWO 
NWoxdmytmy 
ee @ © ox4 


IFNONVUNR 


MotnrnD 
NoMoMy 
eo © © © ory 


MANDEL 


LAN AHR 
MoAD TRO 
ee © © oft 


Mm ouLN ain 


DN TON 
ADINGRY 
eee © ey 


NMAIAMN 


Mor AOR 
AMARTH 
ee 6 © or 
NUR NO 


TITPtOTO 
CIN OLD 
eee ° 

LN CUR O16 


eee © ort 
OUSFdAr 


DANOLOAN 
ORO THN 
ee © © ex 
LAAN OUD 


thRwoMMmnNs 
DONnHHRO 
eee © ord 


Indin uN 


NIN aot 
DANMOd 
eo e © ort 
WAN +R 


NADFRD 
MNOITMH4 


ee e@ © ord 


LAM ISD 


moawumornv 
cocaumm 
eee e et 
tut UN 


Mow ont 
NArVOd 
eo ce e ord 


RO RTIN IR 


NOV DEC 


OcT 


APR MAY JUN JUL AUG 


MAR 


to 


JAN 


LAT/LON 


nt torso 
FOASTRER 


eee oe oW 
datas 


TFODHDIO 
wosroowmM 


© © © e em 
AaAMoATt 


ADOTRN 
BDOWOANO 
ee © © eM 
NANAH 


WOMINDW 
tODHOR 
ee © © ey 
MAaNaM 


wonmmMmomad 
OWM ore 
eee © ow 
mAN ay 


LUN LN Ot 
AWM ODO 
eee © om 


rtHN /) 


MINANUN 
LOM LN AMO 
eee © en 


PANTS 


NIOMOD 
MAOAMDNWLA 
eee oe eV 
STANT 


DORN OM 
RROMMS 
ee ee eNl 


MANHTS 


NTR MORN 
MOULD 


eee © oN 


NAM AT 


onto 
TOOTOWO 
ee 6 © eK 
NAM ADS 


Noon st 
oc 00 00 FON 
eee 0 ot 
AAHMAt 


ROOMFZO 
Ne AWOWt 
eee e ew 
AAT 


COUFSTARW 
ROR OOS 
eeee eM 
AHM Ht 


DAO ANOS 
LALN OU 
eee © eM 
NANA 


NODDS0 
MoOMtyRc 
ee e © ef) 
MAHMAt 


LANW ath 
DITOR O 
eee © em 
MAMA 


Dine +tOM 
OMNMNDNS 
eee oe ot 
MaANAIy 


WMO ADS 
MAW VD HN 
eeee eM 


THAMAWY 


@MDMANRHY 
Hn OMOO 
eee 6 0 


TAMNLN 


KRMOUO +0 
NNWOWWN 


eee e eM 


MAM At 


Darton 
RNOW ta 


ee ee em 


NAMA S 


AOCDMNND 
Mmownm ro 
ee ee et 


NAM AS 


OTDOMO 
MOM MIO -F 
eee © en 
AHMAt 


NOWOZYW 
oeoascnm 
°o 
z= 
to 
mo 
o 


NAPMOO 
SOINTDH 
eeee ow 
AAMAS 


SedMost 
OFNUMOUM 
eecoecs oo 
aAodMoHst 


FROR DS 
WONANUNO 
ec ee oe eM 


NANA 


MoWorRn 
NOWNOMWN 
ee ee of 
MAMA Tt 


LO LUN POND WO > 
WstuUOoM 
ee eo om 


MAMAN 


DOM WON 
OMxHOo tt 
ee ee oN) 
MAMA 


FUROR 
MANDO DO 
ee ee om 
MANA St 


OndtnNOO 
AODOON 
eecece 0G 


TANG 


NOANIN 
LAWIND AU 4 
eeee es 


MAMA 


Me OONM 
CNVUWOOd 
eeee em 
NAM At 


RTOCOR 
NORNDO 
ee eT) 
NANAM 


ONMNR Ot 
WWIMAo 
eoeee om 
AAMHt 


SMAMOM 
ONAOR ST 
eee 0 ort 
NNT HY 


ensroww 
NOMONWO 
eee e eet 


UFO 


WOoW0de 
NRIRHARM 
eee oe or 
MP NINCUR 


NWN DOS 
DMVHO Tt 
eee oe er 


FNTUO 


ODMTOHnN 


RMONOM 
eee e er 
in custo 


NDOHOTS 
OnTNMO 
ee 6 © or 
THMAW 


NROWOOD 
ONROWL 
eee © or 


INCUMOUWO 


WOOMMY 
Rw OALAM oo tT 
cece ee ord 


LAN TON 


Mo TNN WY 
ONMMNW + 
ee ee ot 


WAT OR 


ROOONN 
DADDOW 
© 2 © © ort 


MUM ALY 


ROOWAD 
QAM 
ee ee ont 


Moutaw 


WADOMM:> 
AN TOOU 
eee e eo 
NNT AW 


FoOWnomn 
NOON D4 
eee © ord 
NNR 


ANOOMD 
WOMWDNS 
eoee © or 
NNWOND 


TIMMORO 
RMN STMM 
ee 0 © ort 
MPNLINNR 


DOOWMSS 
RUOFSNOSCD 
eee © or 
LAM LA MICO 


RODNOR 
onstWwOO 
eceee 


WALLA NICO 


NWOLMOWN 
NU AO 
eee e ert 
WIMmUwo 


taenwOoN 
tIFMOR+TM 
ee © © ord 


wonstue 


RODONL 
AMMA: 
eee © ort 


WN WE 


DNDod tyr 
NOFtHDNOD 


coeee 


WOU CO 


108 


RRMOWNY 
NMOWONTN 
eee © or 


NNINN 


MONOD 
SONNDM oO 


eecoee 
Delite ep 


NMO DNAS 
NoAMR ot 
ee © © ort 


Muto 


AMR TSH 
WU FAT Oo 
| 


WN WON © 


ADAMRR NW 
OnRAdHoDO 
eeceee 
RUOMD 
bal 


RRMNDO 
ALAM OM 


RN Ne 


hROWORD 
NR OAT 


RUM oO 


MUNWK WC 
SINONRND 


eeeee 


ONOMO 


Maonoat 
INR WNM A 


ec ee ord 


ITNUTCUN 


ADTAMT 
FNUNNONM 
| 


MoOULnNain 


WtrTOMnN 
RUNS ING 
oe ee eet 


NNMOND 


KRODUOK 
ANRR AD 
© © © © er 
NVNOND 


IMOTOD 
OMOADRKR 2 
eee © ort 


NVUTHO 


RMAMODD 
WAN HOM 
e@ecee or 


MUONS 


NtCDOOWN 
NISORH 
eee oe ort 
LNNUN AO 


NmuUtM +> 
ttotto 


WNT 


nw ONOM + 
RMOnNNOD 
eeceee 


wonuwmuwn 


MILAN HW 
mw OOO 
ececee 


nRwoun 


MR TINK O 
MMOUN HO 


wun do 


WANM AD 
MNANDOMVY 


ee ee ort 


TUONO 


NIRHIO 
Inrom cnm) 
ee 6 © ord 


INNND 


MMO tO 
tN tnt 
POLO 


mane ous 


OWOnRNRD 
teatma 
Guo Choro) 
NN tO 


NOwWoZznM 
SacacTnH 
o 
es 
x ats) 
mn 
a 


NonmMts 
DoOtTONW 
eee e eed 


AAR 


ROnHIPO 
ONLDNR O&O 
eee ce ort 
NRO 


RMNR OM 
WYNNITRO 
ee | 


MURNO 


AOnHOTAMW 
Nowoonon 
eco ee 


LNAI OU &O 


Oe OMod 
FNUMDOOCWO 
eoceee 


CMAN. 


OAKOD AM) 
LAM OMU: 5 
eo ee ord 
ININEK 


FrODMMV 
AIM 
ee ee o-4 
MURMO 


DxaAANNL 
DaMNsrow 
e@@ e@ @ orf 
ANLNR 


DNOWMTNU 
RUN O 
| 


NNR AO 


MOADRM 
AFR OM 
eceee 


FNOSR 


WAMMoOt 
DONO 
eoeceee 


laNons 


FINONNS 
DHDOMMNO 


Rvinaie 


rTODNVNST 
oOtOOra 


eeeee 


RVONAD 


OMMOMO 
MUO OWO 
ee eee 


WNND 


NWttoMW1d 
SMDNDD 
ej onezevie 


woNLAMD 


OULINN OVO 
ONN FIOM 
eer eee 


manana 


MMW) t 
tHODMA 
| 


NUONOD 


NoWwoZN 
oocacgn 
fo} 
ZaLS 
téN 
mn 
hal 


totoon 
RwModow 
eee eo Oe} 
AHO 


ANMOOL 
RMROUIG 
e@eee ort 


NNN 


NHoOttt 
trons 


nAMwoNmD 


MOMOUININ 
NUON SO 


WON AN 


OLNLN MO 4 
Oo tis tO 


HWAStVUE 


LOL CU LN 
DIAOWO 
ecece 


incuw NO 


ARLYN NA 
Noon tM 
eee e ord 
WAtdhk 


yRsrMmwounN 
TMNO OD 
eee eo ert 


LAMM 


Wt ao 
MOLD died 
ee ee ord 


TNUOND 


MO DrHoOWO 
AHMR YG 
eee 2 ot 


MAOAID 


TOARDON 
AMNORM 
oe ee ert 


Nao 


NOWOoOLZY 
CSAS 


=) 


APR MAY JUN JUL AUG SEP oct NOW OEC 


MAR 


tJ 


JAN 


LAT/LON 


MINDRA 4 
WondkKRO 
eee oe oN 
ANTSAWN 


AOTORW 
On TMMU 
ee oe eW 
AAMAS 


otTDNoOwO 
LAW AMIN 
e@eee em 


NAMAS 


Otoveo4 
ADNdOnS 
eee eo oN 
POM Al) 


ODWKRRAY 
WOnHOHMY 
eoeee oW 
FHM AW 


WOCMr+> 
FRODONO 


e020 © ot 
TANATW 


DONDDO 
MWDDHAD 
2 © © © et! 
FAN 


On OOH 
WOONTHRH 
eee 0 oN 
FAM 


MmMoONDoUmD 
~ODODK 
cee e OW 
MXoANAS 


DMMDAD 
Den ORWOO 
eee 2 oJ 
MAMA 


WODrING 
wrswoNnon 
eee © oJ 
NM IN 


OR ADS 
OMOMONM 
e@eee 0% 


AANHM 


MUCHA AM 
NRRMOWdW 
eee e ord 
NNWN 


NOWONWSDO 
ODDOTNO 
ee ee oN 
NAMAT 


DOOM O 
onDODtO 
eecee oN 
MAMA 


RNCOODOO 
OOODNO 
coe eo oJ 
FNMA 


otTtOmMwo 
TOOK NN 
ee eo 0 
FAVA 


WNODAHO 
TR OMI 


eee o eG 
THN 


LOOM OW 
DNOrOnd 
ee ee oJ 
PANT 


NaOUOMaD 
DMMIWOOd 
ee 0 © ord 


FHMNY 


WOTADHNM 
COON OD 
e280 8 oN 


tata 


NASR AR 
DAMOMND 
ee 0 © eo 
MNT 


DHAOMNNC 
AMR DOMWN 
oe © © ord 


MmoutNUo 


tN OMOON 
mMsroonnmNm 
eee © orl 


NIMINAIO 


NDWOZY 
S37000Mm 
(o) 


Zz 
neg 


mA 
Saal 


DNINDON 
Foaunuwocw 
ee ee or 


NNNOEs 


UINW FHM 
MONO Ort 
oe 8 © orf 


FuTHAO 


hRotnxndo 
WNNtTONS 
eee 0 or 
TAM AW 


MON ttt 
DOMoDo 


ee ee ord 


SAMUI 


Nekvallae-dtan] 
MxHinMow 
ee © o Ord 
Wo tuo 


DAnRNOW 
WONOMMULY 
eo ee or 


nmMmano 


OWdAR AO 
amMUdOaAd 
eee e or 
LANMLN GU 


ROM tO 
ONOAN ST 
eo eo © or 


TAFNO 


OnRDOMD 
ONATNaAa 


eee © ort 


FN 


MNINDOM 
LAL OD 
eee © ord 


rmyMiNCUsD 


DoOM +o 
NMI 4 
eo oe © orf 
NNN 


POMOR OO 
ATDOON 
eoeceeoe 
NVUAMS 
xd 


MreONOD 
RMOADMaAN 


ecco er 


NNTHWO 


POLNOILD PO 
RHAOWR + 


e@ece ord 
MNMAW 


WW OMe 
mttonN 
eee 0 ord 


wn Fw 


woMmaumoac 
MADOMT 
ee © @ ori 
IN CUMONWw 


OOMOMm 
NotI latoal alm g 


e@eeecrt 
LANM ALY 


NMI O 
NMOMNN 
© 0 © © ort 


wonsruo 


AR MOMD 
WAND TINM 
ee 0 © er} 


WN TUR 


FMM C 
LOLD ALNLN O 
ee 0 @ ort 


innuwoue 


NOOROD 
MOCORD 


eoeee 


NCW 


SWONMC 
TIOCDD 
20 © © ord 


PO QILO CUR. 


OR mM O 
WO AOD 
eoeecee 


NAILOM 


TNNWNAS 
ASOM to 
eceee 


NNOMd4 
x 


MANDAN 
RSINR AHO 
2 0 2 © ord 


AVON 


ASTOMWKTM 
MLR ONO 


e@oceooe 
FMNONED 


AOORNWO 
NITFCNY 
ee © © ery 
LO DUN AD 


onszrOMnE 
Lo TON 
ee e@ © ord 
WO stoue 


INFN FO 
eENORWH 
2 ee © ert 
ON tI 


DOTFTONK 
DAV OMDM 
2 0 © © ort 
INCL CUR 


OMMATtS 
NF MOTO 


WAIL CUO 


MOU NLD 
BRITON 


eee oe 


LINCU LN CUD 


ROFOIMR 


RMNRNOO 
e@ ee @ © or 


rUTNO 


MMR OWWO 
ON 2INAD 
eteieente 
MNURMO 
ad 


OtOMOod 
wownordaonn 
oe ec eo 


NINO MN 


109 


OMOMNd4 
ONKRKR OO 
oe © @ er} 
MOO OD 


CMWODOO 
DIN ALN OOV 


tL TaN eal 


MINNA OOD 
MiInN@aowodo 


FTNMNAO 


ROTOMH 
MFOMNOD 


LANINKIN 


WWLN OM OV 
NNOWMO 
ee coo 


wonwoun 


DOuwwO AD 
NMDWOO 
e@ 2 © © ec4 
LRM 


OOMMHAD 
TOHMAMO 
eee ee 


NOAJOM OY 


SNMMLN 
DMONHOM 


NUR M <4 
aaa 


DOMMMcn 
ANNO tO 


eee eo orf 


MOR CUO 


AOR IMR 
Nrwonew 


eeoee 
WNNO AD 
a 


WON AAD 
OMONFtA 


enNnwusD 


OMRUINTS 
LNMUM +toOO 


wninanm 


TRMR OO 
LOMA POM) > 
e © © ort 
wna 


RMORMR 
MOxAM.O WO 
eee ec o 


LO QULA KU SD 


AFM SD 
IMANTO 
eee 0 et 


WuOomnm 


LAMAN tw 
O2MOOA 
© © © © ert 
FNNVUE 


DLN LN OD 4 
AdAONDOT 


oe &@ © ord 


MAUNA 


ee © © e+} 
AHOVND 
NOUWoOZY 
BGaIaean 
jo} 
2= 
INN 
mn 
a] 


DIN FOWw 
NFTTHM 
oe e © ef 
AAT HWO 


TODDMN 
RTONO+sS 
ee ee ej 
AAFAUN 


MMOWLN + 
ROOST 
ee ee 0 
NAM ALY 


NOMAdA 
(WelVanv ell teak. 0) 
ee © © ort 
MADR 


DAR AHO) 
wWwtONnNd 


eee @ oN 


MAM dt 


NINO FOd 
OtTURR 
eee 0 of 


FANMA 


ON TOW 
OrMADW 


e© 2 © © or} 


toto 


FFNOWMN 
MOowWcN oO 
ee © © orf 


TAMA 


ADAOIY 
OOMWWUNM 
eee © orf 


tHtuo 


RINtONA 
RTODOW 
ee ee eA) 


NAMAW 


NOOR O 
mm Sono 
ee & © en 


NATO 


ATFODOMMD 
et OP AGO; 
© © ee ef 


AAT UN 


WoMmnston 
HAMMOND 
ee ee oN 
AnH 


FHADARG 
WFNOHO 
eo ce oO 
AA FHWO 


MAN tH 
mon SINCUO 
eo ee 0 
NA+ 


WM +th 
WttFatow 
ee © © Oo 
MAtHO 


Lr OOMD 
RMmoANwOM 
28 © © et 
raAM At 


INP OnN On 
LAN + Ft 
eee @ ef 
MAM ALN 


On tHAND 
OM OLY) tt 
e@e ee © eff 
MAMA 


NOON HO 
LO OU ORO CU LY 
eo 2 © oN 


MAMAW 


MOMACN 
OMM~anmW 
ee © © eM 
MHtHo 


OR TURIN 
tMAINOM 
eee @ of) 


AHAMAt 


MNFOMD 
OTtMOAN 
ee © © et! 


NATO 


ADNDDUN ST 
MOE OW OY 
eee 8 en 
dna tH 


NOWOZY 
ACK Em 


oO 
zz 
Wo 


MN 
od 


FTOnWOWN 

DNotMmwod 
eos « ot 
AMat 


mROOMINM 
NOnRMOd 
eee oe ot 
ATMA 


WUE NIK 
RoNoNnnu 
coe eo ot 
AAMAS 


INODNDLNWO 
WaAtoilho 
eee 8 or 


NAM At 


Roommeo 
OnrROMW 


eee © eM) 


MANATt 


ot OV LN oD PD 


OOOOMO 
eo © © of 
Nn Mw + 


FUME 
NAonNtt 


MAAS 


wWnIimw +t 
MARMO 
e©ece eM) 
NANA 


DONE 
OATS 
eee e eM 


NAM AS 


CNORKR TL 
HHOMOUN 
ee ee et 


NAVAS 


fo} Savencononl ra) 
CANIN De 


ee 2 © eM 


AAMT 


NM OMmoc 
DONO 


NOV OEC 


oct 


nn 


APR MAY JUN JUL AUG 


MAR 


JON 


LAT/LON 


MLN SHOO 
WOWM@ONO 
e@ecoe ord 
AN THO 


RIOR ON 
RAR SHR 
ee © e oW 
AAPM HW 


AXHAMOST 
ROHSTHO 
ecco om 
NAMA 


ooOnnnnm 
MOoOFtOD 
ee ee eM 
MAM At 


COONMON 
ahs OORK 
eeee oW 
TANTS 


Totee tone daelas) 
wotustmnu 
ecee ot 
MANS 


NAWNHNOT 
RTDODOHT 


eee oe ot 
MAN AS 


AW ONTO 
m0 MNO 
ec ee oN 
FTHMATt 


ANN TM 
MNWOMONW 
eocee em 
MAMA t 


MROWRK CW 
TWNMOAN 


ee ee em 
NAM AW 


AM TAN 
FOUINDO 
eee oe ot 


NAMA 


AIAN 
WOH TIO 


ACDARO 

MMNINOO 
eocoee 
NMNSR 
aod 


NODOSWN 
NAD OM + 


eee e oct 


NNFTHAWO 


COOMRAGO 
AAOR ND 


eecece ert 
MAM AW 


Nartrot 
tROMRN 
e@eee oC 
MAM At 


WNDOO +H 
aAROSRR 
ee ee oW 
FANT 


MOMONT 
COUNMN +H 
eee e eM 


IANA S 


Aononw 
oattIFHM 
eee ce eM 
MANA 


ANAS TO 
DOW ROO 
eee © er 


tAM AL 


omMotdd 
MOORKRO 


ee 8 © eed 


hn Pion 9) 


om asitanavias 


WMANOW 
Ron ort 
eee © eo 


NNTAO 


RNOMOO 
TRAMs 
eee ee 
NINN CU 


DBORNKRN 
NROOND 


eceeoe 
NUR UO 


OFfANOD 
Coltay oleh bo] 
eee © ort 
NntHwo 


RORAM 
DOnTOx 
eee e ord 


MUONS 


NNR AO 
AFTON 
eece eet 
Wotton 


ONNHMN 
MACOOMY 
ee ee Ord 
LACUM ALN 


nRODOWN 
WONAMAW 
ee ee Ord 
NOM AO 


ONANTO 
DANO TS 
ere e orf 


LON SNE 


OWN OW 
ouNtoONM 
eee @ ord 


NUTR 


BRIAR too 
MMR OUND 
eee eed 


WUtHWO 


AwonTaaw 
OTDNor 


eeeee 


INCTOUWO 


MITODOM 
NIV IOD 
eeceer 


mumow 


DOMOud 
RAMON 
esceee 
NM WOMm® 


MMOSTH 
ODNCWONN 
ee ee od 


ANOND 


DoFoOmMmst 
mnmiuntaon 
ee ee ort 
NNOWND 


MOMONN 
RTONSN 
eee © or 
MNINAWO 


WNTIRMORS 
RN ARWMY 
e@ecee eri 
TNTHAO 


TNR THOR 
AOTMRO 
ee © © ort 
WNutNwo 


MNDOMM- 
MOWSOWN 
ecco ed 


WNMAWO 


NodondATt 
Anuonost 
ee eo ord 


IN CUM OW 


OM +t rT 
DNNwDO STO 
ee | 


THATUN 


RMADQOo 
anNwowownm 
eeee ect 


TUNA SO 


LA MOUNUN WOU 
IML INO CU 
ec ee ert 


manga 


WAMARFSOS 
NWSRON 
e282 ee eM 
maT HO 


MOFOMN 
FMONHT 
ee ee eM 
AAMAS 


DOR Aa 
OWNER 
eee oe oN 


Nata 


MMAONG 
TOMRaAM 
eo ee oh 


Mat HC 


OnNOont 
(ek ol al tay 
ee ee oN 
tANAt 


rmOoOOMO 
MmuoWwwott 
eee © eG 
FAMAW 


MOUOMNOR 
RRNORG 
eee 0 oN 
tHMAW 


Oro rN 
OMOW ain 
eee een 
MAMA 


DOMINOS 
NOWN at 
eee 6 et 
MAMAN 


MOOR O 
WOMUNKRAD 
ee © © oN 
NAMA 


MUNIN RO > 
OFTORNO 


ee ee ent 
AAM ALYY 


AMWOOTN 
ed on) 
eee eon 
AM a 


110 


NOSRAO 

ODONAUM TS 

ee ee on 
Mat 


WODAMOWN 
AOCMMWOO 
eeoe ot 
AAMAS 


MUTONNK 
ROddHO 
e0© © © elh 
AMAT 


WOMNO TS 
Mon DcO0) 
eee © ot 
NANNY 


NASR tO 
ROMONN 
e@eee elf) 
Nan 


NMoOMDO 
NoOFnAMN 
eo ee ot 
NaN 


On UNS 
DOWHODO 
eee 2 ot 


NAVNHM 


WODUORO 
WOMARaA 
ee ee elh 


NANA 


ROW AO 
TORMOO 
cee ce ot 


NANA 


FOR WOM 
Oovsznuot 


ee « @ elf) 
AAN HM 


NFANRD 
Moo too 


2 2 eID 
AAN AST 


ArOODNM 

ANON D> 

eco e eo 
Ney 


Aacn 
jo) 

rex 3 

or 

mn 


WOONNo 
ROAWOUOW 
e@cee eo 


Nea 


FHONDNY 

DOnOWW 

eee een 
(i fer) 


FstOndoOd 
NDDODO 
cece ee 
a NAM 


WFNNAW 
eCOrotd 
eeoce 0D 
ENTE CND BD: 


AnRONONW 
MOdODdd 
ee ee oO 
QU XE 8D: 


RIPOWNS 9D 
roomnts 
e eee elf 
Nn ~ ™M 


WONATAD 
DOMNATAMW 
ec ee © If 
NANAM 


WOAMR Ft 
WOMWAT™ 
ee ee elf 


NN Wes) 


NOMWOOM 
MOWUTO 
cece e el 
N NAM 


NARKR +4 
ROMATM 
cece e 00 
aA NAM 


AMR HOW 
MOT ALND 
eee © eit 
4 wah 


TWFONO 

ory 7s 

eeree oO 
waAM 


OADM FO 

aorton 
eoocee et 
AMAT 


NROMSLIY 
NOoONmMa > 
ee ee ot 
AAMAS 


NAMOOL 
ROdOHnW 
eecee ot 
AAMT 


DONDoONW 
Mmowcwnmwoec 
eee oe ot 
NHN 


onstntomM 
ONnITOREN 
eee © ot 
Ce CN 


MAMAN + 
WHNNOD + 
eocoe ot 
N NAM 


DQOONKRS 
DOMAMNL 
cece e ot 


NaN 


ARMOOO 
MANADO 
ecco ot 
NANA 


OmMoIxndaAt 
NOoOOMoe 
ee ce ot 


NANA 


WNODAADM 
DWMOM OM +t 
ec ee el 
a NAM 


OLN 2OW + 
WOAMNOD 


ee ee ef 


AAMAS 


tMOs0M 
AHANNOD 
eee oe ey 
AHMA Tt 


ROONAST 
AMOAHM 
ee ee oN 
ATAONRK 


RROAWD 
MANORS 
2° © @ © om 
AA THAW 


OR MOASU 
NNOMNS 
e@eee ej 
NASH 


OR STRHO 
NMEOMA 
ee ee eV 
MdAtAWO 


TWAORM 
AN ATNO 
eo ee er 
THATAWO 


ANON AO 
AMONOD 
eee © ocd 
THAMHO 


aNnNre Dot 
NTOWOWO 
ee ee et 
TAMA 


WMWINFO4 
AOSR TH 
ee © ee 


TAMA 


OmwonAaworw 
ntnNomst 
eecee en 


MAMA 


FFTHAOCMND 
IUONAN 
ee ee oN 
NAMA 


DHADINEMY 
OWMAMDM 
ee ee er 
NAtztTAW 


NIHAAM 
msrtorted 
ee © © oN 


AATNO 


taTostoaltst th] 
NFOMOK 
ee ee ert 
AHN 


NOIR OG 
RTOURO 
eee @ ord 
AAR 


RTOUOONS 
orROF OK 
ee © © ec 
NANO 


HADMOTS 
ORR OW) 
ee © e eri 
MoI 


OM com 
DONOON 
eco ee Ord 
NALINI 


at toot 
NORNRAYD 
eee oe ert 
ONM aR 


ROMNOd 
NOMOUM 
eecee ert 


FaAtHWO 


WRUODDd 
MOOD 
ee 0 © or 


tatar 


AsTDOMH 
ORR ANRD 


ee ee od 


MATNO 


oo0Nanm 
NCW AID 
eee © ert 


MAFNO 


mtocown 
MOANOM 
ee ee et 


NAV 


Mon tM 
COO FRY 
cece ce ert 
HANAN 


APR MAY JUN JUL AUG SEP OCT NOV DEC 


MAR 


JAN 


LAT/LON 


MPOnOOH 
NOWDWNO 


NMOND 


NUMOANR 
nRDOOKRO 
eee © or 


NNO 


WN OLN 
Donn Ttwv 


e202 ee ort 


muro 


ARCTOO 
AMNINTHN 
eeee ert 


wine Fw 


DOMIUAN 
WNNADO 
20 © © or 
WO 0S FS KILN 


RMOONRER 
NOMNOXHO 
eee & oN 


WANN AIA 


NNANG GS 
OMoostO 
ee 0 © ord 
WOM NIL 


MUCUM LOW 
a+tNDsM 
ece © ord 
wWoMmdAO 


DOR TNO 
DUNOKRWO 


coe 8s @ ort 


FNMNL 


INWOOnN oO 
MNettHO 


ee 0 © Oo 


LAMSON 


OrNOUOD 
munotoMm 
ee 8 © ord 


nm cuLlncn 


Lm DOOR OY 
MmMoOaANMN 
ee © © oy 


oA Fw 


NOR DOS 
NR ARO 
eeee 0 
AAT HL 


ONDORD 
LAIN MO MOLY 
ee ce os 
AAMAS 


wownto 
AN STK 


eee © ex 
NAMA t 


DHACHATO 
MMANLINS 
eee 6 elf\ 
NANAM 


TOMUKRD 
NMOWR WO 
ceo © ot 
MANA 


Omnr Ato 
MMOURS 
eee eo elf 
MAM 


NIMANG 
NNOTANS 
22 © © elf 
MANA 


DION IA 
WIDER 
2 0 © © eM) 
MANA 


RLOUWILA 0 
ATONWN 
eee 2 om 
MANS 


ROATMD 
WFITrHOK 
eeee ef) 
NAM ADS 


AN t++tTtO 
ADDO TD 


oe © & eM) 


NATHAN 


NON HANO 
TONOWON 
eee © of) 
AAM HT 


NoOwWwWoZN 
SISSON 
jo} 
Zz 
ar 
mn 
aA 


mowmun 
AMNWWOM 
eeee oM 


AAMT 


DNOARNe 
MMXAMTO 
eeceeo ot 


AAMAS 


ADVAN 
TWOWR WIND 


eee e eM 
NAM AW 


ANM OSI 
OMmmTUOM 
e eee eM 
MAM At 


ROW TO 
RNOORWN 
eee eo eM) 
MANS 


RODMM +> 
NOnNONND 
eee oe of) 


FANT 


ROOK OO 
CONNOTAW 


eee o eM) 


tHMAL 


NAS DO 
wONO A) 
ee ee eM 
MAMA 


NAOtd 
oOFOONO 
ee @ oe of) 
MAMAS 


otnMmecno 
MMOtHG 
eoceo ot 


NANT 


MNOTOUOd 
RMOMOD 
eoeee em 


AANA 


NoDmowmo 
NOR OS 
oo e © omy 
dHM Ht 


MOMUINe 
DNADFHAD 
ec eo ot 
ANTS 


NMMoOnRU 
AAR NOO 
2 © @ e olf) 
AANHM 


tMRoOwT 
DUAN 
ecee ot 
AANA ST 


LN OR FO 
WNINWOW 
ec eo ot 
NAAM 


oOOUONN 
NUNN 
ee ee ot 
mania 


aMOwwocd 
FNUTMOO 
cee oe ot 
MANA 


NANDMHMM 
rMOoOttt 
ane Lelekert 
MANA 


AAT 
MA tNUNRK 
ee © © elf 


NANT 


NAN tHe 
Wank td 
ee © © olf 


NANT 


otTNN 
OnMNMOW 
ee ee elf 
NANGM 


MoOFNTnO 
INO ar: 20 
CYNIC ORO OS 
AANA 


TOnRTNE 
axAtUNd 
© @ © © elf 
AXANAM 


AMVDMS 

AnvNotoc 
ee oe ot 
AMAT 


CUMOAOK 
NASTMORPS 
eo oo ot 
AXAM Ht 


wWDONDOO 
DUNO A 


cco e et 
aAHMA St 


touovost 
QDMONTD 
2 20 © © of) 
NAN SAD 


ON ASTIN 
POM O TLE 
e@ © © © eM 
MANA 


DTUNOWO 
LAM LAM) 4107 


ee © © ef) 


MAUI t 


MAaDNNO4 
NNMMOW 
coe eo oF 
MAAN 


OxodMARG 
ANOM tt 
eo e © ot 
MAN AST 


SOMAtd 
CHoONOD 
ee ee et 


NAM AST 


WANA 
NON tow 
eee ce ot 
NANG 


TRMAION 
ONTOS 


eee © em 


AAMAS 


hRoocrneo 
ANN THAD 
© © © © e+ 


AANA 


111 


MONDAHO 
ATOR SR 
e@ecee eG 
AXAMHAN 


HAORKR TO 
Thru wM 
© © © © eM 
THM HIN 


MNM ANT 
AM COW HM 
ee e@ © eM) 
NAM SUN 


ONINAMN 
ANMODN 
ec ee eo 
MAMA t 


NMFOHO 
ONoOtT AO 
© © © o eK 
MAM ALS 


ANAK ROR 
OM OLNOR. 
eecee eM 


MAN At 


DMOrNOH 
DINOOK 
2 © © © eA 


MAMA 


X denivax-elvalon) 
OURm QUOULY 
ee ee eM 


MANA 


NIONOD 
dAIMOOH 
°° © © eM) 
MAM AW 


RLM OOO 
WttRONn 
2 © © © oN 
NAM AUN 


NS AUN INe 
DNIORiN 
ee © e eo 


ATH 


NUM FiINW 
Note DO tO 
ee ee eI 


AAMaAIN 


ofNSHHA 
NWNOAAN 
e@ eee oW 


AANA 


WOodnTKR 
WFtHOONM 
eee © oN 
AHIR 


ODHORST 
MTOWMOUR 
eeece oN 
NAMAW 


MODOHUN 
POLNN WO St + 
eeee eo 
MAMA 


FOR DMM 
WOR OVD 


2 0 @ © od 


FHMAO 


DORIAMOG 
TWDOOD 
eee eed 
FHA 


Rion tN 
eoOFtMuounM 
222 © eX! 


FAM HALA 


tmaingacw 
MtIOOWO 
eo ee oN 
MAMA 


WODHNHOU 
oAMnNOnN ST 


eee © eK 


MAMAN 


LALAMM OW 
OTFOMad 
eeece oJ 
NVAtUN 


LN tN 5 
NONMR D 
ee 0 8 eo 


Nato 


ROR AMD 
Ind +MOMO 
ee ee orf 


AA TNO 


FOOMMM 
NMNMINWO 
ee © © or 
AIAN 


NOFTMO 
TMHOOKRM 
ee ee oN 
AANAWO 


ADINMN 
NMoOOKN 
ecece 0G 
NASA 


FINSFN STH 
MIKR +h 
ec eo oN 
MoAtHO 


RONDMO 
MWWORMad 
ee © © Ori 


FHF 


+t tinMinn 
oOMoonsd 
ee © © ort 
tAMAW 


ARONWON 
NTOR OW 
eee © et) 


tHAMHIN 


ANDO DO 
HAO HATODO 
2 © © © er 


MALNON 


MNuMOaHO + 
NDMONLY 


e © © © ed 


NoHNON 


CHAMNTMO 
NNTOMD 
ese © ort 
HHAWONO 


NETOM st 
WFtdHOOoO 
eee © et 


ADA OR 


oOtMNOON 
TFtomMost 
coe ee eM 
NAM AT 


WNNnANt 
MLO MN LALO TD 
eeee GV 
Mat AW 


ORR OR A 
MUNN OUOD 
OKOnD Oe] 


tAtHO 


AONHAHN 
MAFANLNLNG 
ee © © ord 


THMOALN 


noun R AN) 
AFTWOTH 
© 2 e@ © oN! 


TAMA 


LO AAILN OLN 
NNR 
ee eo oN) 
SAMA 


WMORRUG 
FTIMOAMN 


ee ce @ eM) 


MoH tHAWO 


DN ALIN + 
NOOMOLLD 
ee 0 © ord 


MASNNE 


MNUILAOM 
MRO FIN t+ 
ee ee ey 


NAOMOD 


DoOFTN0D 
mot NO ST 


NEINMOO 
PAW OLNMIO 
ee @ © Ord 
AAWMD 


NORDMO 
WNOMMDO 


eee © ort 
AHO TR 


AR DONS 
WORN 
eee e oN 
Nat H0O 


UMNOnNAD 
NIMMcD 
eee © Ord 
MASH 


MN Ooncwo 
TNO TON 


ecco 8 oe 
toMy 


MOLINO LON 
AM DDN 


ce e© © ord 
THMAO 


DOADINMLY 
wounr~onr 
ee ee eri 


FHMAO 


Or OMA t+ 
OtRNON 
ee © © ert 
MAM Hin 


mn tuo 
ONFTTD 
ee © @ e-4 


MATSUO 


ROeMWNAD 
NO tHOM 
ee ee ort 
MALIN 


AOR FOF 
woawocwn 
ee ee ert 


NALA OO 


ttA0Nns 
OL ot 
eee © et 


AAMT 


NOAWOZYM 
SSI IagD 
Oo 
zZzZ= 
Ro 
mr 
al 


APR MAY JUN JUL AUG SEP oct NOV DEG 


MAR 


JAN 


LAT/LON 


eorO4w 

DFetuot 
ecco ot 
ANAM 


MmOoOrRwOM 

MMOoDos 
eoeeot 

ad 


DxaArONAS 
OFtANTW 
cece ot 
AANHM 


Do dAR TH 
IMRIOD 
eo © @ elf 
Naa 


FIMOONN 
OMAN 
oe © © elf 


MaAAHM 


WOM iNgUrM 
ANOAMD 
ec ee elf\ 
MandHMm 


DOIHNTO 
ANON St 
ee ee en 
MddHM 


WNVOAOD 
AM AMOR 
cece ot 
MAAN 


MONRO 
FANNY 
ee ee eh 
NANAM 


WMO MLN 
ANAONN 
eeee elf 
NANAN 


WTDNDIOM 
WANDADA 
ee 8 @ ein 


AAA AN 


Nortonst 
ATMA TO 
aitoleieve tf 
AANHT™ 


MNOWOLZwY 
(apa fe fale faa) 
2) 
aie 
con 
mou 
a 


MOOOHNS 
MRTAAN 
eee 0 ew 
AA FNWO 


NHWOdAAMY 
aowot+m 
ee © © eX 


AATNO 


RORNDSO 
ADnONWoM 
e@eee oW 
NAM AW 


IRA tht 
MOonINtd 
eee © eM 
MANA 


WOO DHA 
WONorot 
eee © om 
PoC 


OOMRMao 
MODMOtd 
eee © om 


THAN 


UNV HDO 
OnnRMON 
ee © © om 
MANA t 


NFOUNDH 
DONDHM 
eeee oW 
TAMA 


NOORMO 
FOMNIND 
eee © ee 
MHaMast 


ISVUR DOH 
AODOTSd 
eee oe oN 
MAM A 


NMAMR WO 
TOMIMD 
eee 6 oNt 


NATNO 


ON OUR 
RANDOM WNDO 
ee ee er 


ANMHAW 


NOWOZwM 
COoaan 
° 
z= 
ot 
mo 
hal 


CAUMMNO 
EMmuMmMmrMm 
ee eo 8 od 
ANNA 


FANITHAMH 
ATAOMR WO 
200° eo 


NUS 


NRTFOOW 
NANMNO 
2e eee er 
MAINO 


ADOOCAN 
NoOotDOKd 
e@eee eG 
MAMAN 


NOWOCMNO 
VR NDWOWL 
coe e 0G 
tHMHH 


NUNOONO 
NoOoOVONd 
eee eo 0 


NMS NUN 


WNRRONG 
DooOmMmcn 
ee ee oJ 
FAMNO 


OauNorKn 
ITRNDMD 
eee e or 


FTHINO 


ANON TIN 
DBOARDOG 
ee ee ew 


TAMA 


ArOwW rTM 
Owusrmwn 


eee e eri 


MNWOUR 


Mtonornv 
RmMWcCHAM 
eee © ocd 


NUNS 


DUWNOWT 
NDIRHDIN 
eee e er 
ane ® 


ROAOOMO 
Wotrom 
ee 0 © ot 


ANWND 


LAM AD ML 
NAMISRM 
eee eo ort 


NNINNR 


OermMmn0oM 
Mod ANOWO 
ee ee ord 
MUNIN 


narOOMN 
OOnNARO 
e@ecee oN 
MoAtNWO 


DMUNOU 
WOoM+tOO 
ee ee et 
ToHA-NO 


MOUCONUIAN 
NAINA 
ee ee ed 


WAN 


tTDORA 
WOOMWMNAO 
cece ee ord 
WN FON 


Mootrnd 

ROMDOOW 
| 

THINO 


MMONnNwd 
ONHDxADM 


ee ee ord 


+tunNMes 


RNOOMO 
Mon con 


ee ee ort 


INOUE 


ROA ON 
BMOoOoO TM 
ee © & Ord 


NUTR 


WwnAOWWW 
TRON AD 
00, fe lene 


NNOTSKA 


WNooanns 
OMoORWd 
cece ec @ od 


ANOND 


ADDOVOSF 
Nomunm 
oe © © ord 
NNR 


WR DONO 
SoNOMaAh 
© © © © er} 
MAHOU SO 


QFOOAR 
DmOoNnoMNE 
e@eese orf 
Matuw 


RMONWM 
ONTOWH 
eo ee eX 
MHAt UO 


wonmwDndc 
NNOATN 
ee 2 © of 


FHATno 


TOHRAD 
On OHM 
cee 6 ond 


tatuwo 


WFAUOM 
IK OROK 
ee ee eed 
THMxno 


ADIOVN 
worxnwowom 
eee © ord 


FNNUN 


WOMa00D 
Ronowow 
ee 8 © ord 


MALAMOR 


MOULIN CUR 
MMNDNTO 
MOM 4D 
ellette Yelte 
CNT i att dan! 
od 
NODWOZN 
coacagm 
fo) 
rar 
ON 
mn 
4 


112 


CONOR 
DOD +0 
eee e ee 


ARMOND 


SOoDomM4 
oDmDNstNs+ 
ee oe oe 
NAONE 


OOO 
DDOMMAO 
eee © od 


MAAR 


ame OWO TS 
MINOW ALN 
ee ee oN 
MAMAN 


onDehRoM 
OIFNTNW 
eee e eo 
Mdm Al 


DOWMNH + 
RMSRNS 
eceee 0G 
MAM al 


TOHODTK 
NNOORO 
eoee ew 
THM HAN 


AR OMN 
DINOOO 
eoeree oN 
MAMA 


theaR tH 
WoMnMor 


ee ee ord 


trustuwo 


MAF MO LS 
ONUMaOmO 
eee © ert 


FMWD 


RMMDBUO 
NOOWUNO 


PO OULI EN) co 


MOnODOD 
NMOOND 
wlerereye 


NUS te 


x“ 
NDWoOZM 
Soacgaa 

° 
z= 
oo 
PN 
a 


FMOR DR 
tHOONS 
eeee ort 
AAOMD 


WNDONO4 
annaotmy 
eee ort 
iE elation) 


DUHTOO 
DOMNot 


ee oe ert 
MAN 


On tah 
WNOWanan 
eo oe ord 
MHA tHO 


onuMj tM 
AMNINDOD 
eee e ef 
tHtnAQ 


NIROAND 
At AOOd 
ecee oN 
FAM HAO 


Q08nan7MR 
WNoONORd 
eee © or 
ANANO 


NOKRDTDO 
ONDOND 
e@0e 8 © Oey 
THATHW 


ReMnR OO 
NITMOWUN 
ecee ort 


tTHatHO 


ATADOO 
OR DORW 
ee ee ord 


MxAMUWO 


Oonrmow 
OR OMAN 
eee e ort 
TAMNO 


AMOR OO 
WOnMMO 
eee 6 ort 


FHANND 


OovUHud 
ATR AHO 
20 © © ort 


INOMO 
onl 


ON ANWOWY 
AMSIO]D 
eet ee ert 


bel ivelelon) 


Ore AtNt 
ANY AD 


WDFNTFO 
FRAOVUR OD 
eceee 
AAR MO 


ARTR Od 
ADONRAN 
220 0 © er 
MAOND 


torn tnst 
OTNOASt 
eoce © ort 
FHWONEK 


WhnOWODD 
NTN TON 
ee © © ery 
FAM AL 


MHDMORD 
AFrTTFOON 
eee © orf 
FAMHAIN 


WAN AMM 
MOW Att 
eo © © ory 


LAAT OURN 


MOR SRO 
MOoDDOW 
ee ee ord 
THM AW 


fone fat] cen 
NRHoANRWOO 


FtNOMO 


Anno t 
OmMtOND 
eee ee 


FNOMHA 


DOWWR 
FOAOKRMO 
eee e ot 
dHOMN 


MmMomMmAMmwoO 
MLAMLNOW 
ee © @ ort 


FtaAtrHAO 


ONDHDM 
tTITTMOOW 
e@oee or 
STAM AW 


WAOAMO 
TOHOMNN 
ee ee ert 
Narawo 


Ne ie 
oon tt 
cee © ort 
THIHO 


AOmMuNn 20) 
DHArR DDD 


TURNS 
a 


mweMmon 
WOndRtH 
eee ec er 


MOLE 


ANOMODO 
ANNUM 


MRM 
od 


wWt.otMrn 
NMM HI4nn 
eccee 


NUDIST 
ao 


NoOWOZM 


(afm fo(cte fe) 
io) 

z= 

mom 


rr 
a 


8 MAR APR MAY JUN JUL AUG SEP ocT NOV DEC 


FE 


JAN 


LAT/LON 


MMUNWONO 
ta dodk 
ee ce © ort 


AN INO 


 oReal-oRoaltat ty) 
nROWMOO 


eecee ord 
AAMAS 


MR TOOK 
COMNmMo 
ee ee or 


Mmutuwo 


OFtAHKRMY 
OonRRONA 
eee eo 0G 
muds 


NON AON 
TommMmMmr 
eee e oN 
STHAMN 


RMeAONDO 


DOr HOW 
eee eo eM 
SANA 


ROMMOW 
te ONOMD 
eo 2 ee 0 
tant 


D32008m 
O2IMNUNT 
eee © ef 


rTM 


LAN AMON 
ROXADRI 
eee eo et 
MAMAS 


DOMOM4 
NOOO 
eeee oJ 
MOoUM dL 


DORDND 
ADORDH 
eet e eo 


NAMA 


DOnRUONM 
mM MA 
eo 2 © © oL4 


ANNO 


FOOnNte 
ooo rTTH® 
eceoeere 


NMRMSD 
~a 


MFOTrowo 
RoOMeto 


eoeee 


NMWOND 


AOMNNUD 
RMNWR WN 
eo0aee ord 
MUONS 


TSONTINO 
nM, OWT 
ee 8 © Ord 
INSNN 


SNRROW 
MHHRON 
eee © ord 
wwoartoun 


ORNMORNR 
FoOMrRmM-M 
© © © © ord 
ANSON 


RNWODNWO 
ODVUATMO 
eee © Ord 
NNN © 


NADMHAO 
wonuomnxamy 
eooe © ord 


WNINR 


FINDGOW 
NNAADO 
eee © ord 


LANARK 


UMMM Aan 
OnNATD 


eoeoeee 


FNM D 


WR intonm 
ROMR OD 
ecsee 


MNANR 


FRO TWOD 
CUR DD OLNO 


fot TaN ES of as LS 


DSOVNRUNWO 
ATnOORE 
eeece 


NMOMN 
7 


rOToTs Tt 
MPrODdd 
eco e or 
amwowo 


ARTO SH 
OFTNOVNT 


eee 0 ord 
MNWAR 


oon worM 
AMMA IDO 
eo ee ord 
tATHO 


WONMDAMO 
MRA TOO 
eee © et 
tHMUNWwO 


OrtomMt 
amDootrnD 
2 eee eG 
FamMnaio 


OCMOTnRS 
ADMNOHND 
e@eee ort 
MWNAMUWO 


Nountnwo 
NANAOW 
eee e ert 


aT NE ta 


OONRORD 
MMOMoON 
eee 0 or 


ININN 


ON THIN OR 
LOIN WO 2 OY 


eceeee 


FNOMOD 


DOAILA CLA +4 
ONFATO 


PA CULM 


NNAtMO 
ecco e 
INIT eka] 
4 
NDWOZY 
SeIocan 
fo) 
Z2=z 
nO 
mau 
ad 


TOTHMG 
NMUORDS 
eee © orf 
mawona 


IThRHAORM 
OnE Od 
eee e ord 
FNWOCIS 


WNoNDmNna 
AOTONO 
2 0 © © ed 
INMULN OD 


aN acoW 
DHAONAN 
ee © e ord 


laN tN 


IRRWNOD 
NNIKENO 
e 0 eo ed 
ONMNND 


DOMOWUD 
RMNATOHO 
ceecoe 


WAND 


WNLAM TO 
ODMONDOd 


eo eee orf 


FNOMD 


ROHINOW 
RROKRMO 
eoeceece 


FtUNMD 


oMoondnK 
FTOOTDMN 
eoceee 


MoULNascC 


MADNTO 
NOT5OFO 
eoeee 


NUNS TH 


1 


ON OMM 
NNOOCOW 
oe oe e 


NMOS 
bal 


MNOAOW 
WWOWWad 
coeoee 


NUD 
baal 


WORN 
OOUMAND 


TURN 


TOrRoNNT 
DHIOANS 
ee © © ord 
FNTNO 


MNITMOd 
DOMNMM 
ee © © er 
LN QULA AIR 


NORWMS 
Ont 
eoce ert 


ON FUN 


AANROS 
ett thKRO 
ee e © ery 
WNUVWSO 


AR SMOW 
Mod MTAR OD 
eseeee 


LANOMa 


WW UR WIA 
ANTOOM 


ecco e 


WNNARMOD 
~~“ 


WOMMUN 


eoceee 


FtNUOMMD 


RMODOmO 
IRR NON 


eeceece 


MAILN ID 


113 


RIND SL 
NAO 
eeeee 
ANRMO 
x4 


NODOM OR 
MTUIINKR OY 


NNOM 4 
~~“ 


ONNDOF 
WFOHTH 


mouwwe 


ROD ON 
TADLN OPIS 
ee © © oct 
TAYE 


NN OR tt 
WODONRM 
ee &@ &@ Ort 


THN AER 


MOMULAR WO 
Roun tn 
eee e et 


2 


NAND ON 
ROWM OCU 
cee © ert 
WNVutuR 


MR Oa sw 
MOON tH 
eee © of 
tHATNUN 


COM OOLALY 
WOONnmtH4 
ee ee o-} 


FNM DO 


ROOADN 
couthn Od 
e@eee er 


MNLAN 


FHDHAM ON 
MUINOM OD 
coer e 


MOULNM OO 


WOM DomMmwo 
NMMMO 
eco ee 


MAKOM OD 


tosotn 
NOOFTMO 
e008 © or 
AHNR 


WINDD tino 
MNWDOTHOY 


AINR M4 


OMNINGAO 
AFSFOWOD 
2° 0 0 © ert 
FAM HsIN 


TANF IM 
Onn oW 
ee eo ord 


THMAO 


wtmrRm +t 
WFAA oI 
eee © eM 
MAMA 


tMuUN aC 
WOWoa0r 
ee © 2 ord 


MAM OIA 


lv ocenat i= fen) 
DADM TA 
2 © © © ey 


MAaItun 


DIR AIO 
M D099 Ow 
ec ee ott 


MAF 


AINA FO 
VOW WD LN 
ee ee o-4 


HAT OIN 


AMWOZY 
SASS Si) 
fo) 
2= 
foplen) 
Detae) 
od 


MONROW 
WHO) 


ANKRMO 


OMORMA 
OOVURKRS 


© 0 © © ory 


MOURNO 


NVANTH 
ORNNTW 
ee ec eo Ort 
MAtHWO 


FOTPHVNG 
TMNANTO 
°c © © oN 
tM 4 


ommtNnwo 
NNRMON 
ee © © 0G 
MANS 


teOSTON 
MawWNUXTO 
ee © © ot 


WASNR 


DONG 
INW AITO 020 
eee e orf 


FHAMAMW 


foot elon cele Ke) 
DAMNNNd 


ee co oe ory 


TNFR 


WOMAN 
OnOMUDc> 


2 e@ eo ord 


Mm anormd 


DIVE Ain 
ADR OUNN 


MY OQULO MIO 


DUDHOM 

WNNOFOO 
eoeee 
ANOS 
aA ha 


ROMRDO 
OFUMMDO 
eococee 


MoKRwueo 


AR DOOR 
WOoOnnR tt 
ee © 0 ory 
MAW AR 


DINK OWN 
mnNon~onwst 
ee © © ert 


FAT HN 


On sot 
mononwo 
ee ee ord 
FTHMHALC 


WN FOOD 
SONORA 
ee oe ort 
WAaAtHAO 


OnNoaxnd t+ 
RUMODMD 
ee © © e-4 
LAN uncuco 


ttRLUANoD 
MU OMNN OO 


MOMmwonn 


4 
NOWOZMN 
BIeoarom 

fo) 
Z2= 
On 
Lele) 
od 


MrRoronm 
WACO OM 
eeevee 
ANaMH 
Daal 


ADRS 
WWDNOtTH 
oe 8 © eed 
AnONTD 


AOMHODO 
ININn~ Dw 
eos © ord 


NoAtrAO 


ORMOMR 
Daocrsinn + 
eee © ert 
MHAM AO 


MON om 
REOONT 
eee © ord 
tHatainr 


HAOOTNIN 
OMFNWWU 
eee e ord 
MAM ALN 


ONMONG 
ORRN OT 
eee © ort 


FTHAMAO 


MRM 
OOKRMad 
e@eee ert 


+tASUN 


FTACMON 
LLL He 
eeceece 


INQUWOM® 


INDUINADN 
CNUOAOUNOD 
eeceee 
MUR MO 


APR MAY JUN JUL AUG SEP OcT NOV DEC 


MAR 


JAN 


LAT/LON 


TORR 
NMOCOFS 
eeeeo oW 
AAMAS 


CFNHKRR 
ORMNOW 
eoe eo eG 
AANAM 


MOMRWOD 
DONMANG 
eecee oW 


NNNAt 


OsOrkNOCD 
AOWoOnRN 
ee ee en 
MACON 


DNTMR +S 
ROWODHAN 
ec ec 6 0 


FHT 


INCU 0+ 
wOnnNnonw 
eeee oO) 
FANT 


LANARK Ht 
onoustn 
ee © © eM 


tANAS 


ONNOOd 
MMoanws 
cece es ot 
MANAST 


MLAB LALA 
ANNOMO 
eeee elf) 


Nad NW 


DOOKROWO 
NNER OWND 
eee e olf 
Naa 


ODOoTMM TF 
WMD2DO 
evcevecos 
Aad HN 


MRONnN SO 
AOR SAT 
eee 2 e™ 


AANAT 


NOWOZM 
ofa jase. face) 
fo) 
725 3 
ot 
IN 
= 


FONODN 
ASTNORN 
eee © ort 


NAAR 


DoOMrwom 
RODODOMO 


eee © ord 


MOULN Ac 


NOoOrOM 
AOMANN 
eee © ort 
INCA Mao 


ADNFIVNG 
WMOOMU 
SLouetege 4 
wneu ton. 


MOxdHOwOH 
tertonst 
eet © oct 


woustman 


DHOMAMO 
DNWOMMIN 
eee © ord 


LAAN OO 


STONUNTOTM 
MONAMOD 
eceree 


RUINMO 


ADOthKO 
OnmnReRM +t 
| 


IFNTtOUN 


AAHOROW 
MANA 
eee © eet 


MNINMR 


MIAMOWN 
AONM AOD 


eece e ert 


MOL ra 


ADNUHAOM 
MTONATWN 
ecece 


NMOUWN 


WNonNnto 
TUSK MR 
eeecee 


WMOND 


LY NMOMO 
OMHAOMO 
eeteece 


VRNINWO 


AUONMAAM 
OOANMOD 
eececee 


SoNIUNM oO 


COOMNNN 
MADONE 
eceeee 


oOmMNnMsd 


FIOAOWOD 
WHADIKRN 
eceeere 


KRMOMOD 


WONDDTO 
ASMORRS 
cece ee 


io avelaelon) 


OxAROOKR 
MOnRaHOS 
eeoeceve 


NMmoOtMH 
a 


FOMFOT 

WONTOW 
eeeee 
Mmmm 
a 


AOTONT 
RIMNOTDO 


eo 0 © © ert 


mw 


ANSTRMO 
OnR+S+OHe 


NCO 


THMORLD 
DOODOCO 
eee oe ord 


SFNNUR 


RoOMmwou 
mOwW tod 


ee ee ort 


NAINA 


NMMNOOC 
ROHROTN 
eee © on 
WN Ay 


AMnROXdM 
NOMAD 
eerere 


warn 


oR efonl- of ion 
SMOKY 


ONT 


NOMROWWO 
ANAHDO 
eeeee 


FMOMad 


INUDONK 
MNANT LU 
eee ee 
MMR to 
4 


NUMOTtONW 
NMNANO 
CCI eG 
NMRA 


DINnNow 
WNFNURAD 


eeeene 
ANK MO 
xo 


RHODOM 
ON AOU 
e@eeoeee 
MMOMd 
a 


ROR AON 
DUONANRO 


ceeee ord 


muwowea 


AROKROW 
FHoHRARY 
ee ee ort 
FSNONUNK 


MORTHO 
OR NDOLY 


eee @ ert 


tate 


memtmstou 
WOWORAD 
ec ee ert 
FHaMAO 


NOHANDO 
OCD AON 
2 0 © © on 
indy UY 


hmompoouto 
ONAODH 
ee © © ord 
mote 


DFAMODW 
ONR MO 
| 


tt ON 


FOQOOND 
ROMaAIR 
eeceee 


FtuOMoO 


nNOS R OD 
NUOMOTK 
eceee 


Mmuomn 


NAN OON 
NOoOMMO FS 
wlele ele) 


AAEM 


114 


TROOWUW 
NMNUNDO 
eee e egy 
NVNOMO 


DHDOTK 
MoN Oc 
e@eee er} 
INNATE 


TSONIRS 
RRWOOt 
ee © © on 
FHtN 


2NDOHWOO 
WOWNOANnWN 


eesee ort 
tHut40 


ROTTS 
ORNATE 
ee eo ey 
STHATNWO 


COXAMMOd 
WR DONS 
eee eo ert 
FHM AW 


ROA AMUW 
OR NMDO 
cr ee er 


MATNO 


ANOROM 
ORNWOOCST 
eee e ord 


MAtrNWO 


OFWNrenM 
hRomwoOcoo 
eee se 


AULA dR 


MOOR 
MAM Mot 
eee ee 


ANR MA 


LALA ULE RL 
OFRWNOD 
eeceee 
ANRM 
7 


DOWMM + 
WORWUROD 
eee e oc 
ATONE 


RoODOMRID 
OMOMAN 
eee © eo 
NAMAW 


NNORODt 
oFTc OM 
ee eo ord 
MAtHO 


RORDORD 
INUMOHO 
eeee 0 
moHAtrHO 


NAR OOO 
NADER O 
eee e eo 
MAM At 


NFtHOnRD 
sot tOWN 
eee e en) 


MmMAaMdst 


Mak wooo 
ONN Aow 
eee 2 et 
MANS 


ADM DOW 
DMOOrRO 
cece e eo 


NaAtuN 


LUMAR St 
ANATMOR 
eee se ow 
NAM At 


eADDOOO 
TOTMWOL 
eee ec ext 


NATrUO 


RTNARMY 
PMADNRS 
eee eed 
MCU CO 


AS DOIO 
woNnmMmtnr 
eeeee 
ANDTM 
bal 


FANN OD 
RRATHR 
eeeoe 
NNOT Ss 
col Sal 


OMROFO 
SFNOHODH 


MNRMO 


NWNODON 
aAOrKR DOD 
cece ot 
THANE 


WTOHN OO 
DOOmnTN 
eee0est ocd 
WHAtan 


NODOTORN 
ROWONGD 
ee ee ord 
WAFL 


MNNDOO 
mount o 


woNnNa 


ONION + 
ADMOWO 
eceee 


WdAtmMo 


FHANDMD™ 
WR USOR 
OOS 


MOURMO 


Roesnn 
NIN Done 
eceee 


AND TS 
a 


DMDNOD 
ANNO 
ee eee 


NNO $e 


TMORING 
ATMONW 
ee ee ert 
THAtrHAWO 


aad oONW 
NN D Sot 
ee 8 © eed 
FHAMNMHAN 


Aoncnt 
Deans 
ee © eo ort 


tHTHO 


oatuNot 
FaIDNdAMdA 
ee 6 eo edd 


INCUMI NWO 


RR ODOOK 
QAMDOND 


WNOMD 


ROHOOKR 
OTtARON 


4 
NOWOZMY 
fo} 
z= 
INI 
+m 
Daal 


MVR SIN 
NORNO 
eee © or 
ATR MO 
a 


WONMAUN 
ORADAN 
eee e ert 
AARNO 
hal 


MmMmMoDooMms 
MNDMND 
eoee oW 
NaAMAW 


DMMOXAD 
oOtNIOR 
eee oe et 
Mat Hin 


WOODROW 
WONONAOD 
eee e ord 
MAM AL 


NOUMMAWO 
ONDE So 
eee oe or 
MAN ST 


eonsthMmsmM 
WOMNOTRD 
eee eo ort 
SHAMAN 


NDAD SH 
MOA tN 
ec oe © orf 
Wanno 


On rtt tO 
FOTHADO 
eee ee ert 


MATNO 


LIN FON 
Ve tHDod 


eee e ert 


MALIN MC 


MOMMONM 
Ownansd 
cc eee 


Meum) cO 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


JAN 


LAT/LON 


On TOSCO 
NUMMMN| 
eee2e28? 
WNotnoe 
a oN 


OOM SMR 
toReonNHd 
eeceeo 
WOHINM 

| 


WNtostMM 
FFODON 


eeceeoe 
KORO 
ant 


STOWADN 
ONOTDN 
cecee 
AN OW 
~~ a 


on ttt 
OMONUAN 


eceee 
TtMO 
Saal al 


ADNANWOO 
ONTAXAN 
eoeeee 
LAIN R. Ot 
a ~~ 


DDR DOW 
oOOrRTON 
eococece 

wmiunw Nou 
o a 


wooMmontr 
AR DAT 
eee ee 


TWIN 


WDINTING 
MOnNvVH4 
ce eee 
motn ++ 
a 


NDWOZN 
(a fa fafe {a fre) 
oO 


Ltoalted «bel =) 
WWW NWN FO) 
eeoee 
ANON OY 


NON SUI 
OMxACOt 
eee © Ory 
NTA 


MFO stn 
WW O Four 
eo 0 © © ord 
MuUTtUN 


IMADtO 
Ot tM 
2° e© 0 e od 
INCI FON 


LADOM OND 
WOMoOMNL 
ee © © ord 
LANM NO 


otrOwuwonN 
AruTMmuwo 
eee eo ort 
LOCUM CUR 


WINFtoOO 
OnuomMtwo 
oe ec © ef 


NNUMUO 


WDmNTt9D 
OmMwo tMyt 
22 2 © ort 


ineura nue 


oHAOWONT 
WoMmnR LY 
eee © or 


rust NUR 


NWWOMO0 
WOnNhROMWY 
eee © ord 


MOM OLY 


MOMFTIAD 
wonuouort 


eee @ eva 


NN tNWO 


OdkR TON 
OrnMmAMD 
| 


ANOMD 


NOwvoOZnN 
ISgeococn 
jo} 


ree 
awh 


ru 
a 


AtOONM 

FOORMUN 
oleleieie 

MMRMH 


FTOOWIND 

TOOMO0 
eecoee 
Rmoto 
od 


ODOxHADH 
ONOR NWO 
eee eo 


[ol ok di elise) 


NOTMAA 
OMN OOM 


amo tH 
ad 


Ommoon+ta 
SOR ODN 


eeeeoe 


RNY TE 


INDHDOSA 
WOMOdt 
cece ce 
FOR INN 
4 


nom ror 
OADNMM 
cece ee 


FINO 
a 


NQFMDADO 

MoOONnOM 
eeecoe 
NTMRO 
aw 


ANON SN 
RINWMUINM 
ececoe 


MFtALINWw 
ed Nt 


Ne AAW 
NAMOW STS 


NsOMmn 
a 


BDNUAMAOM 
Nocunm 
ee cee 
atrHnwOt 

aid 


AFSDTMOWO 
aNNMoONL 


monmntsnt 
xo 


aoROMW 
WOTORDS 
eececoe 


omwostry 
od 


Mm DiINMI 42 
DNDAMON 
cece ee 


ONNNT 


PMIAIWMNAN 
ADDIOR +t 
eceee 
RMAtSt 
Sal sal 


ARR comin 
DMAODO + 


MmMttd 
x 


NOOWIMO 
Lym cura) 
eeceoee 
MOINS 
oH 


NOWOZYN 
SIoeoc0a 
jo) 


ae 3 
aM 


+N 
4 


OMOMMPM 

RaAWOMNM 
eeoee 
NFIOWM 
ad 


MINT IO 
LN LY 400 


MOWRY 


RNW WOO 
ONO FMW 
eee eo 


RNOMS4 


AM FANT 
ANDONW 
eoceee 


2IMR ++ 
od aml 


MoOAMowW 
MmMintinw + 
coo ee 


Ommomu 
od 


RUFHNVNG 
DytrtOWN 


Nelsel ater e} 


wownnst 
ttottM 


RTEeON 


NF HLM 
ti <4 
NOWOZWY 
EI SISD 
le) 
P55 
AD 
+N 
Saal 


115 


SRR NMR 
Wel ofeal Sivelta) 
eee ee 
AND IM 
xa 


NROMWM 
NLOWN © iN 
eeoce o 
MMOTIN 
dia 


FIMO 
MORSTREN 


INOM 
a 


oWONOt 
COLOMOnNN 
eco eo 


MONO 


DOURON 
ANR TON 


walnoarn 


AMRA MO 
OHADOKRM 


woninuon 


MOWNoOMN 
cCMmthmON 
coe ee 


WON FS 


nm0uMD SOW 
FOOMAN 


RVNSIUR 


OMWNOFO 
ORINDAIN 


LAN FON 


MULN OD oo co 
ton cin 


eoceee 


iNcw mor 


MATMON 
NwRonwot 


MM OLALN 


DOODa7AO 
LAR MONK 
eececoe 


ANUMD 


OHNO wd 
LNLN OLD An 
ceoeee 
NVoOAd 
baal 


COnRMO+ 
NOMAnCN 
ee eo ert 
MxAiNAwO 


HOoDMwoWw 
ADRAM 4 
coe ee ord 
INLTMN 


OFDMNT 
ANMONE 
ee 8 © ort 


tAatHAO 


INWOINGd 
todo rt 
eo oe © ord 
Wd toh 


MNUFODOM 
On Ot 
ee ee ey 
THAMNO 


LN OM NUN OD 
NAR WUYD 
eoeece ert 


LN CUM) ALY 


NOnNWNn oO 
NDFOUd 


eee © ot 


FHM 


STAXnININM 
TUTCWA 


SOLD OUN 


TANIOLNN 0 
HAM .OoTtO 
eee ec o 


MNRMD 


DIADNOF 
MMORKR® 
eee ee 
AND SH 
xa 


NAN +O 
ONFOHO 
ee 0 © ord 
MUNRO 


MONON 
loins +oO+ 
© eo © er 


MAN HO 


DAMM AN 
~TOWMH4 
ee @ @ ef} 
MAM HIN 


ReAoOWMmNM 
oOtronnNcd 
eee oe eo 
MAM H-t 


AMMNaM eo 
AOMtHM 
ee © © et 


oN dAM AW 


FDAHIDMO 
WMRINr OL 
2 © © 0 ord 
TAMA 


on tN ON 
ON MUN WO 


ee © © ord 


MASUR 


ROWODADO 
MOwr? 9M) 
© 0 @ © ord 


NAIM D 


On OLN FO 
MIAO 
ee ee ard 


NNINDONt 


loa ES oles dno} 
WO ourcn Oo 


NOwWOZWY 
sca fhe ihe Klos fea) 
oO 
PES 
aH 
+m 
x 


OANAHS 

MFOKROK 
eoeeee 
ANOULID 
dix 


MMM TIN 
COUOMNROR 
eceoeee 


mOUmMmMo 


INN ©wonM + 
DMMUUINOO D 


FMOMND 


AMNUM AO 
RAS NAO 
ecco ee 


NAIC CIO: 


cumawnnmnm 
MONOn OD 


StHAFHAO 


ODDNCLN 
DON +FtTM 
eece ee 


UN OU UR 


MeN OOD 
FANMODD 
eee oo 


LN QILA Ne 


LANDA 
MN AND 
e ce ee 


INQ oa 


WAN DWLN 
SOANOO 
eee ce 
rNDestN 
xd 


TOU TINIAN 
tNAMOW 
ecoee 
main tro 
a 


mMODtKRW 
MMINMI OO 


NNOMHD 
ROOK LILY 
ceo ee 


ANOUIIN 


Orn OMNMmn 
NNAMOC 
ecoeee 


MVUOM 


TNOTON 
QOANTRKR 
eceece 


WARILANIA 


ADDOINNM 
wWMn UW 
eesee 


WAtOIN 


RODN DS 
NON AW 
occ ee 


WO NINN OD 


WANA On 
RRODAOWO 


LN AULD oO 


ANwDOFTO 
NOrtCDO 
sikelele ie 


tAotN 


Mmnmaninn 
ar ink DO 
ONG OO 
NCIAnRS > 
aod 


Noo2Zzn 
Seas 


je) 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


JAN 


LAT/LON 


MINN OO 
RR OAM 
e@oceoe 
ineoowrn 
aw 


INOdAtH 
HOaWNoM 
eceee 


oFttmMo 


INTUOOWNW 
wonaotnw 


AM FOTW 
NOOMAN 
eeeee 
ININM Mo 
od od 


ADUINMOR OF 
TONNODA 
eeeree 


wuomwnd 
aod 


+totom 
aA NN 
MDWOZWY 
eseo7mqag 
oO 
z= 
ut 
tN 
hal 


DMWWMO 
TOMrROd 
eee © ort 
ANOMO 
~~ 


oroeanst 
OMAD OT 
ee 0 @ er 
ANS AW 


wnostmo 
MtaMot 
e200 orf 


MoustNwo 


ROO FOMN 
WOtiInkR tM 
ee ee ord 
IN SNUN 


ATNATO 
osnromM 
eee e ort 


WNUMOO 


WMAAINN 
OTN INA 
eececeer 
ANLAM oO 


YNDWOZW 
Sooacen 
oO 
ze 
uw 
tN 
-_ 


WNITMOoOD 

WatoMnRn 
eeee39e 
NUSHOW 
= 


AMON O HO 
DntoOwM 
eceee 
MTOM SF 
ax 


AxANOTH 
tan ntM 


DOoOrRO 
FTONOKR + 
ec oee es 
OMnR tM 
4 


CMdR OM 
DOdK Ot 
ceeee 


Ome +h 


MOM +o 
WMWotoowt 
eecoee 
omonrtmM 
a 


IHOMNAILY 
LAMLALA NO 
erecee 


WOMUMDA 


MIROTO 

RAONMWO 
eoeoeee 
aMOsMy 
«4 


NMSTRNO 
RNSROW 


eoceeo 
NMRMe 
a 


ONDODR 
NOSTROS 


eeceece 
WNMot+t 
Sab Sal 


BROOR ST 
WWTOOU 


RMIT + 


tMaotAd 
MNOOANO 
eececee 


WMOM es 


OuMMM aD 
TOM OM 
ajiee) 0:10 


stMomMD 


ITAADMD 
MPonoms 


We fOoORRK 
WOMNRAWH 
ceoeoc ee 
aMONM 

4 


DFOOON 
RHOMR Tt 


e@eeee 
NMoOrMy 
a od 


RAnAOWO 
AONROW 


ADVAMLY 

MaMmonm 
eoeee 
etrdmm 
aod 


nRITMOMHO 
SFOMAD + 
ececee 
RKNOTW 
Daal Dal 


maowmtaw 
WON ANNU 


eoeee 
RNOND 
4 


WIDunNwo 
On AHO t 
eoceee 


MOTH 
d 


LA TRON 
RONOMDW 


eeceee 


WNMmWMNs 


116 


RACAL 
omwostn 
eee e ec 
AAS 


MOMDOWd 
MON TOD 


eoceee 
NVUARMO 


ty eal. ol tame 
conRR MOM 
eecee 
RMA 
aA 


OONKROd 
of ok Ivedtaleny 
e208 e ot 
tHtHE 


OR DOs 
NIFMD 50 
eoeee 


wonton 


MtMaANt 
nT TNUNO 


ONFTNR 


RNW WOON 
TMNM carry 
ceo ee ort 


MaAtTVNO 


MOTWOO4 
wWNn+tu DM 
eee © ort 
MAM AIT 


WAR DO FO 
ARON 


ee ee ont 
MAM NIL 


woMmnonrto 
Cellatatilalation) 
esecere 


cunwnm o 


TMOR OAD 
trotcowp 
eetelohert 
AN tM 


DNHOOLlO 
PO PIR OW 
eeceee 
AND TMH 
xa 


FOMNNDO 
AOTOMR 


NNUOMC 


WONN ANE 
wot on 
eeeee 
RMmoOmMou 
a 


DDODNR 
TIDINO 
cee ee 


WMNNMIS 
bal 


AANA 
ROIDNNOD 


italovioalavive) 


ROnKRNING 
AAANOD 
ecerece 


WNFAD 


WOnANm ot 
fond tol ala ive) 
eefece 


ONRM 


MTAILNWLO LO 
DMoMMIM- 
eee ee 


MQUAILNND 2 


OnRMDD 
BHOOMON 
coerce 


NAMI + 


WN INDOM Oy 
FOFOUWR 
eeece 


ANNO + 


NoTOMS 
AMDWOTN 
coe e Ort 
tTHAOND 


oR sTIMO 
WODONHAOWN 
© 6 8 © ord 
TAMAN 


DONONHG 
FOANR AW 
ee ee ort 
THtHO 


RWNODON 
AHOOHYD 
ee ee ord 


WoAtHO 


hm \OW Ao 
ON DTDOO 
ee cece 


RN THO 


nuoDoronm 
MOoOMDmaon 
ee ee ed 


IFNINUNE 


wnNnomuwn 
NOOWADS 
ee ee ot 


mNOMa 


NMOMOM 
MMMPMON 
eececee 
ANS tO 

Dal 


DAONAMSO 
DNUNODO 
eoeecae 
ANAND 
dad wa 


ANMNUDO 
NoODIns4 
e@ 0 © © or 


NUON 


tNOoMNUst 
ANORNS 
2 0 © oe oy 


FTUITHTAWO 


MAOSFNO 
ouNnOOAN 
eee eo on 


TAMA 


DFNNHNG 
OFMODO 
ec ee er 


tHrNWO 


NON AM 
woowmomn 
eee © ort 
tTHMHALE 


LOW FO 
Fh iINaDwOM 
eeee ert 


THMHAW 


ADNDNM Ar 
DUNO 
ee © © orf 


tuNWS 


DODD 
On 2NTtWwO 
erceee 
MMos 
4 


worxertto 
OmMmtnwow 
e)olelels 


NN tt 
~~ 


MINe OWN 
LOR IOOTF 
eee @ ect 
MANDAN 


ANNO 
ODINITRO 
eee e ert 
MAMAN 


FRUMOO 
MLO NOL TUN 
e@eee ort 


TAMA 


MODMML 
otonwot 
2 2 © © ord 


TAMA 


racy Moucw 
MR ONMY 
eee ce ed 
FTAMMNO 


NAON 49 
ODITHNtA 
eee © ord 


THANND 


MAR WLAN 
WOOMAUDA 
eee © ert 


Muwoms 


RNA 
ymOonon 
ececee 


mawonmo 


OanoMnr 
TOON ND 
eccee 
AN INO 
to 


NaAWOZWY 


AC COTO 
fo} 
Teas 


unm 
tM 
onl 


E MAR APR MAY JUN JUL AUG SEP oct NOV DEC 


JAN 


LAT/LON 


rT eleal 
WtHAAWO 


eeeeoe 
Wooano 
aa Ww 


RUODOCO 
NMMOH 
eoceee 


ROWAR 


NNWOGS 
OCMRNS 
eesee 


RMSTHOD 


WANN O 
WWD 
cece oe 
NINN REA 
4 aa) 


FrmOwoeMmM 
RADA 


eceoee 
Doonn 
aa] AN 


MOMOMYy 
HAOOM tH 
2@eeee 
RUIN Sin 
a 4 


ROUWMIMO 
OUNMM a4 


moawotN 
x hal 


NOAM 
INL OMCs 


LR ONO 
ad 


DaAMAOW 
NE OOH 
escee 


FODINS 


DOMAMS 
NWITO HO 
eee © ony 


ANAND 


FOIA 
Rows 
eee oe ord 
ANTNO 


RODOWM 
RTRSY 
eee e ord 


MNTNO 


FOW DRY 
CDOMONS 
eee oe orf 


INITON 


ADTFOND 
OFMONN 
eee 8 or 


WlUM AW 


Don tne 
oMmstNunt 
eee © ort 


ONMNDO 


DMOMANC 
NOWO Te 
20° © ert 
WAMNO 


ONN FU 
OMoMINN 
e280 © ec 
NOt CLO 


wonMnimnndonr 
MONA 
eee oe ort 


SFNMNIN 


ARRAN 
LNAMOM 
eco 8 © ord 
mMNIFNWO 


NIDFHOSF 
ODFRRWO 


eee © ort 


AHMNIN 


ee 8 © ort 
AN tN 
NDWOZWY 
Iaogoan 
jo} 
2=z 
MOLY 
tN 
a 


FHASONOK 
OomMma@adorw 
eeeoe 


NIN SNe 
So es | 


oCnANMNOS 
aTMUNRMY 
eceooe 
DIN @iny 
ax 


ototon 
MtookM 
eee0e7ee? 
ATR MN 
a a 


mwwroinea 
NeNOOW 


eecee eo 
AMOWRN 
a a a 


URORMS 
oOnsrMM 
eeeee 
ONKR TH 
4 


LAN OtUe 
MOmMstMmM 
eoccocee 
2mMwonMs 
or) nl 


oOMmnminnM 
WINS AM 


otKemo 


FON AMS 
oastnnnm 


RstoOsTN 
aa) 


RINWWOMm 
MmMtnauMmrP 


POM OLN 


SAMMI 
WONAMR SF 
eeceee 


AMOWO 
aia 


RMOoOwU 
ARNOOS 


NM +e 
x 


RWNOtAS 
ANAMOO 


eoooeoe 
FMOMeT 
7 


FNMWROD 

FHMOBAN 
eeeee? 
DNONY 
a 


WM ANNO 
wonuomMmtst 
ce eee 


RMOLNWw 
a + 


wornuomMmom 
Omnmcond + 
eeeee 
comuomd 
<a Saal 


DIANDOG 
MODINCON 
coe ee 
ATOMN 
4 x 


NAM OW 
wAMDOM 
e@oeece 


Ntinneo 


LALA MICO LO 
MNAHODs 
eecsoee 
Rm@Ern 
Sal 


Lelneh el elne ine) 
DOARMIN 
eceoee 


TMORMO 


AR OFC 
wWNDNDnOWM 


ANDOU 
xa 


DHMMLND 
NOOMTO 
cee ee 
NUM Ott 
wt owt 


RoHonaow 
LAN MOM UN 
eooee 
FMoMms 
aA oa 


ANNUDMN FS 
DNOonnrtt 
ececee 
oMmatyo 
pon 


ODNMRO 4 
MRAM 
ecoceee 


TMMCOMD 
oa) 


Omnmaw + 
Wonartt 
eoeeee 


OMOtH 
ad 


MTHANOL 
MUNRO 
ee eee 
MMoOtd4 
xo 


TMMOOM +H 
on DinM t+ 
eoceoe 
NNAOMN 
dao 


AGgGagIggn 
oO 
re 
mo 
+u 
baal 


117 


MRONOCT 
MOomroOw 
ecooe 
ANOWWO 
“ ow 


THe TON 
MNCUROM Sow 
eoeeee 


NOON 
aA 


WNFtARUO 
MMn FUL 
eoo eo 
TMmMoOMM 
aoa 


ORARARS 
SRNR 
eeee @ 
WR M9 

aa 


WDFOAN 
MNNNDO 


WON OM 4 


OROMNWO 
ANWMOOW 
eoceece 


RuwO to 
od 


ODA +t 
NwODTNO 
ec eee 


NUN FO 


NNN OMM 
ANTONO 
coe aoe 


NNO TMH 


WTtOMNN4 

DON+FAD 
ee © © ory 
ASU 


STNNUR 
NOWOAINGD 
eeeee 
NNR te 
Sal 


Onuonsto 


hRomMmtnxd 
e© © © © ory 


Nie ial ati: a) 


WOdOAT 
YRNOMDWY 
@ee @ or 
M Ain AO 


DOoODMU 
MNUAAHIND 
© 8 6 © ot 
mdAMAt 


OxnANOOW 
NINSTR CO 
20 8 © on 
FHM AW 


NADOMOD 
ONOMRO 
eo e@ © Or 
tANAt 


DOAOAR OD 
Mot DD 
eee © orf 
MANU AND 


Nowroond 
OFDOOROD 


eee 8 ort 


MHM AL 


QoHNRAW 
WOFTHMD 


ee ee ort 


NATOW 


AOR AON 
MORN DD 
e208 © ord 


NATUR 


ANNU AR 
AOD WU 


NUNAINODO 
MOTODO 


ANMINID 
Saal 


Rota 
ANAROR 


eoeeeen 
AUTH 
SA! 


ROMNOoOs 
RMORR OD 


eoee 8 © 
ities i Savion) 


SOFTMNO 

MNUNNATASO 
eeecee 
serena 
So) 


RUMOR WO 
NANAOO 
eo 8 © @ ord 


taniton 


NM OTOQ 
NOTOWOSD 
eecece ord 


LNA FOO 


NANO 
NONMDO 
08 0 © ort 
WNAStNN 


MOMHADO 
DDHAOAD 
eee eo 


FaANND 


DO OdR.NDO 
MPRWODOAWO 


wonumMa 


nHotsrow 

RNOWNHIN 
eceee 
AMAOD 
ao 


MAOMMO 
TONROF 


ececeee 
CUM DINWO 
ax 


FOUWOVOIRK 
on SR OLN 
eceee 
marutwo 
7 xo 


TORNAMY 
NOFTOWM 


LOMYOR NO 


MUSTO 
OnNMRLY 
cece eee 


WALA CC 


NOMOnRN 
OUOsaWUW 
eceee 


wWwnrwrnmco 


DTPOAON 
NeEARMO 


WLAN 


HAMDWOLIMN 
AMUN 
eecee 


FMUOMMN 


MALAR RO 
ADAOMOWM 
eceee 


MMOTa 
a 


aM ON OO 
WW WDM oO 
ec eee 


ANDOW 


DINMMM 
WNDAM FO 


ANDO TN 
7 


Rodatom 

ODOMNMO 
eccscee 
NGC 
dao 


NOOdAHS 
FTOFNUR 
ceoeoe 


mUDtm 
baal 


WOR OOD 
MMAtrTHN 


WOO AIG 
Dl 


DAML 
RAO ONO 


ingQut ous 


oAMONS + 
ONFTOW 


WNHAOUNe 


mono 7s 
TALON LOE 
eco ee 


nRNOMO 


MODONO 
TANRMON IW 


OURM 4 
nal 


NFORKRD 
LOLAR t+OW 


tanomo 


DON FMA 
WANoOW 
eee ee 


MM OUND 
a 


APR MAY JUN JUL AUG SEP ocT NOV DEC 


MAR 


JAN 


LAT/LON 


DR ORF 
SRN SIN 
eoerece 
NFroOOt 
hal 


SMORAR 
HO SHUM 
eeecee 


MPrOomMo 


ROWISNO 
ACDOOON 
eceee 


WONMNL 


RORMON 
DOWDUG 
eeceee 
OWOWt> 
a a 


WN DOT 
WONMINM4 
eveee 
LAWN LN cut 
ad od 


WOWWNAD 
Me AORM 


2eeeoe 
NFTtUO 
ad bm 


NEOMOD 
TNR Wt in 


OMWNO 
Sel 


ORNONG 
ON SON +t 
eeecee 
OTIND 
xo 


RNRRORW 
ADMOOM 


coereece 


OrrtMmno 


RADADM 
Notonrw 


MUNK. .OM 
~~ 


MUN CUM ON 
osttTyow 
eccee 
WNWINDOw 
4 


Aan OT 
AWOAMON 
ee eee 


MUN O10 


MoWwons 
NOOKRNRO 
eeeocee 


ANINMD 


MM OMRON 
DNR ADS 
ee oe Ord 
ANUM OLA 


WoosrO 
SOLOMON 
eee © ord 


MNFTAO 


OOMMnkK 
NAainenm 
ec eo ord 
tot osw 


WO Do-t 
AAD AOL) 
ee © © ery 
NOM Nwo 


ANNUM 
WAM ANDO 
ee oe © ord 


ANIMA 


ON tHOt 
WNDTOnRO 
e © &@ © ord 
TIM 


NMYMO AW 
WOMDANN 
eee © ory 
Woke iol ative) 


Neston 
ACOOMN+t 
ee © © or 


TUM AW 


LAN M tay 
OMR OWN 
oe e © er 
NUM Ay 


iNCunQuM EO 
NNOOMA 
ee © © ocd 


Nsw 


THODTY 
IMAROG 
ee eo 2 oe 


ANINMDO 


RMR SMW 
MiINnda tw 
eecee 
NWNDONR 
AAN 


ASROMU 

MRxdOOM 
e@eeee 
MFAHOW 
aid 


NARNOPM 
MINWDOM 
eeeceoe 


INFOS 
hal 


ROOCDMKR 
Cotrtaon 
eceece 
DLNLN ND 60 


TAMLAN CUD 
AOOMTtTt 
see ee 


Onmn tM 


cotdmm 
doonstst 
eieie: ete 


OMmn tt 
a 


NOON WD 
NWOOn OF 
eoeee 


TA MILANI SO 


FNOOFW 
NNR OM tM 


eeceee 


ODINeTO 


MHADOOW 
OADTAN 
eeeee 


LOW +0 


RoMmoxno 
wlnmocrs 
eeeoe¢ee 
AMNDQ 
oa iN 


WNADDNO 
AOMNTOM 
eocoee 
MPMOSL +> 
dx 


NeERWOMWO 

MMAIOH 
eceee 
wroon 
NAN 


DAOCTIRN 
FOR CUM 
eeceee 
aMotWwO 
aA od 


RRORDO 
NOOMO + 
eee ee 


RMR NGS 


WOnAtO 

MmNturM 
eeecee 
Mreaormn) 
a 


DMUNnOOKR © 
mMtouwwonm 


doa 

NOWO2ZM 

fafe fe faces 
oO 

Fe = 

tN 

ITN 


NADSRY 

WNAWODOW 
eoeece 

TMRING 


On OMOWO 
ADWOWOOW 
eco eee 


RMON 
Sa) 


NOT 

WTNNOCWO 
eccee 
WNOND 
4 


RPMOOO 
MNOFTMOW 
eceece 


RNIN 


Ratu 
NWN tOM 
eeceee 


wonstur 


MR INW OWN 
OMAN O 
oeecee 


wonwotrn 


NOOORD 
RNR tOOMN 
eoceee 
IAUR WO 
x 


MONIM > 
FTHAODHS 
erree 


MMn to 
xo 


On toh ST 
WM DOR.OIN 
ee eee 


ANDOINS 


118 


WOO FH 
eNDoOoD 
eoeee¢ee 


ANA IN 
xo 


TNO TMM 
DNFDUM 
coe eee 
ANOMH 


WOMUMRWO 
DMANDO 


eee @ ord 


NNR 


MAMNUTOH 

ACORMN 
eeeesn 

ONONS 


INNWODe@ac 
Oty AVNER 
coe ee 


LOAILA CUO 


oOttnnMmnu 
NEOONN 
ecoceee 


oONNUr 


DANNDO 
KDNHADNHHD 


eeeces 


TAL M Oo 


onNoqwwN 
NUM NWO wo 
eeecee 


INN) 0 tet 


NNORNO 
OnotaAtrwN 
eeeee 


SONNY 


wostonM 
AYN OR 
eoeeesve 
ANOS Ss 
doin 


DHAMNMOR 
WWONMAN 


eeceee 


rows 


atonww 
ONHORW 
eco ee 


INNO 


aDOWOM + 
onnNNa@o 
eecee 


WALA 


LAM FOUR 
OnNTHAVNOE 


Rt 


DINDID 
TONAON 
eceee 


LONNKON OY 


OOn +OD 
THAHDDOWM 


OMvu td 


enosorm 

ROWSHDMY 
ee ee er 
AWMO 


UMMOAHO 
MNDHOT 
| 


AASNUR 


NORM OO 
otkRMRO 
ee ee 0G 


NAYNVNR 


MOOMmawW 
DNFtNONMD 
eeee eG 


NASA 


ONRMR FO 
RIMNOQM 
| 
MAMA 


WNAOMLOLN 
RMOMOAD 
ee ee or 
MAMA st 


IFTIRKRN 
amor +10) 
cece ee ert 


MAMA 


ARDOSRO 
ROORERUW 
eee e ert 


TANNA 


INN OL OU 
ODVNHAONHA 
ee ee ory 


INTO 


wRUONOWY 
oct ton 


ee oe oy 


NAMNY 


BRUINS OLN 
NNGDOMND 
ee ee od 
MUAILARON 


AN OTT 
Sel 
NOWOZN 
soeGan 
° 
z= 
td 
+m 
a 


ROWOsHa 
exnDwOoto 
eceee 


ANOINN 
~ 


OnADNDO 
OTMWDO 


ANR TH 
x 


oottno 
AWNDOND 
cece ee 
MNURMO 
4 


DommMoawo 
OxnwDrnwo 
eeceece 


FNOND 


RNWWAY 
DORONR 
e@ceee 


LON AR 


woonRRow 
RE WOUND 
eceoe 


THMHAWO 


NUOORC 
NOON SO 
eeceee 


Wotoun 


MUNDO ad 
RODSXAD 
eeeee 


InDuMmMm ca 


InINMuwnd 
RATOWR 
eceee 
MUR tH 
a 


RODODS 
ADHMNFDO 
cee ee 


wot 
ad 


NVUMMAaM 
Mo 5 ISND 
esceee 
AN DLN 
a 


NOWOZN 
SeocIen 


z= 
tu 


tr 
xd 


NUM OMO 
Donameo 
eeoee 
wR t4 
a 


WUNNINDLY 
ORAORRL 
eooccee 
ANK MO 
x 


AFTOWO 
DWVUT OOO 


eeocee 
NNDNO 


RWOMxAoOM 
Nefep Nera g- 0) 


LO ALON OD 


LRNRtRO 
ISNIFONDCD 
eoececee 


incu ton 


MOMULAN 
HOHAOMO 


oMmiNnaINh 


ROdOGM 

NAORTT 
eceee 
MNOM 
od 


NYOARMO 
DDN HOt 
eceee 
NAS ta 
aml 


WOO ++ 
MoM oto 
eceee 


ANNO te 


FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC 


JAN 


LAT/LON 


ATOR SY 
MooOrrw 
eeee#ee 


NWROM 
7 


ANUMMNS 

ROCOMts 
eoeesee 
NTOMS 
a 


wOMunstMS> 
WO FTROW 


eecee 


FMOND 


OMxAOMR 
Rina) 
eoccee 


KRTOMD 
=a 


NOORNS 
oOnM sR oO 


WAN ALY 


onocoorst 
ANTONWO 


eeeee 
Mromcc 


DFDAAMD 
~ROOWOUOD 
ee | 
LAWN il 


ronnnom 
INFOMOO 
eecee 


cMMNUN 


oONN Ott 
DOWMNOW 


wonMmstur 


or Ooms 
DNAMOMAS 


eeece 


nWMstto 


ATAONUL 
ann tet 


eoeeoee 


mmsrnor 


NODOTNM 
eeece 


AMT MO 


FUMUNON 
WNFMORON 
e@eee of 
ANM AS 


WNOWwoO FO 
DNA LW 


cece o orf 
NUT 


NOOTUN 
ASR HN 
22 0 o of 
SNM AL 


ROONULALN 
MOnOOM 
20 0 © ort 
INEM FILO 


ORR DONM 
ATOWNOM 
eoeee eA 
FoANT TST 


SNwOthRA4 
woMmo stun 
eee o oN 
MANA 


TIMNOT 
FOHATOMN 
eee © Ord 


tHM dst 


OM Att 
WDAMDNO 


eee © ord 
MAM Ht 


DOMNHS 
AHO DOW 
e200 © ery 
MOND ALY 


eqovnostn 
MUFSO OW 


AMOI 
7 


WORN Ot 
FADMAW 
eoee 8 @ 
NMRMO 


DxoxADORD 
NOMA O 


ONIN 


RTINOD 
WMaMmaNWO 


RNoNo 


WDMNW + 
OnOOrRO 
eee 8 ot 


woNnMmA 


TOR TIN 
DROAIUA 
ececee 


OnNMAUN 


DUMMY 
ORM ITHO 


eeceoe 


WNOtO 
ha 


ONT OM 
MIN ON + 


TMOW +t 
xo 


RAOMOW 
MOOANUK 
eeccee 


PA CULPA 


BDOMM OM 
RNROTHW 


ANDO TO 
od 


NODWOZY 
oogeon 
Oo 


FROMM 
MAFOHM 


eceoe 
AMMRG 
dow 


FMM 
MALIN INW 
eececee 


NMOMO 


MTMMINK 
MINK Ont 
e oe oe 
wOoMmamed 
7 


LNW) LNRM 
WORM 
eee ce 


WONWNOE 
x 


DNOMnmsd 
TNOVOAM 


eoeeo 
RUIANO 


WNW ORIN 
ONSTVURIN 
eeeee 


ON TUR 


RHAOMRG 
TFANNWO 
coe ee 


RM tOUWw 


CORONA 
DONNY 


+tNOTO 
a 


FMOMOF 
OWNWADN 


FNNTH 


DAOMORd 
LM MNO 
eee ee 


PMOMUINPD 


WIFtoONne 

WINNROF 
eceee 
AMOwWW 
aoa 


ONAORS 

DOOM 
eccee 
ANOMS 
ao 


AMIFNOW 
RRNOSR 


eeeae 
PN OM4 
an) 


NADMNOL 
RTTFODO 


LINN FUWO 


MOOR DM 
DDAOMMN 
eee ee 


RUNS 4 
A 


OM Doon 
MMOWTW 
eceoe 


wWwNOMO 
4 


NaIdRM OY 
DOL OMLY 
ee 2 © ord 
THM AW 


MADOINOUY 
OUTORW 


WMmwm +H 


NOM +> 
ODuntoow 


trmoR tN 
4 


119 


aoostmn 
ANWtOO 


eeeee 


NRT 
a 


NINOS 
WON FARD 
eooeoce 


ANKR to 
xa 


NIFOWMNE 
RAN DWOO 


MMmOMCN 
a 


AOOaNNM 
MCI OLN 
eoceoe 
INR NO 
a 


ALNNIDIDIO 
NANDON 
ees ece 


FNAME 


ANOR WINE 
BOOMAO 


RN SMO 


FUR DSR 
Winaa aon 


ONFTAO 


ON FO HR 
MINOW ALY 
eo 2 ee 0 


WAIL OU 


ADDN + 
DrAOWWO 


WMO FO 


NAAR OO 
COOMA 


MNWOMD 


OFAN 
MNONUINUY 


MOM LN) CO 


HNeONWOO 
WOTODMH 
eee e eX 


ALN © 


QNONND 
AMOMmMM 
eo ee eo 
An THWO 


ODVNWHAFHWO 
RDM NR 
eee oe oW 
ADIN 


ADMNOWOW 
DFU 
eee © oW 
NAM At 


RNR OOS 
DOWMLNF CIO 
eee oe et 


MM AMD ALAN 


DMNMHDOT 
AOMNM AO 
e@eaee oW 
MHA t 


FTHOIDAYW 
FNAHDO 
20 © © ety) 
MANA 


MOO THIN 
TOUWVAINI ND OV 
ee © © eo 


TANG 


DORR 20 
ONO ON 
e© © 2 © eM 


NANT 


AMtOND 
amamuot 
e © © © eo 


AWOMmD 


NIFOOISN 
NonWNrod 
@ 0 © © ord 
ANINGR 


wOtMmNOD 
Maonwaonw 
ee eo ort 


NAR UD 


DORDAW 
OMMN deed 
ec ee or 
FOILNAIC 


MAM t9 
TRRIOS 
ee @ oe ord 
tAMALN 


DonwmMaow 
DMOMMOL 
ee ee ert 


MAMMAL 


inocwam on 
FOCR HDS 
ee eo © ord 


TANNA 


AANINDD 
AR DODO 
2 © © © ed 


tHMAT 


DW TOMINKR 
AOMTINYD 
ee ee ert 


IFNFNO 


IAN+F+OME 
ROOTtO 
ee ee orf 


NAM O 


ANNITER 
DOUWO OL 
ee ee ord 


AMATO 


Ano 
NaWwoZzn 
Agearaem 
jo) 
z= 
nea 
dae} 
aml 


NncNormnu 
OUWNATDH 
eoeceee 


NOTN 
nal 


DNNMNOD 
THDMUDO 
ee © © ort 


MUON 


RRTOMD 
WOMOaD 
© 0 © © ory 
MAW aR 


DHAOW St 
Notrno 
eco ee 


tAtrHAO 


RuwonNMM 
ADTFOMaO 


WNAtON 


INrMOTO 
ROMOCOd 
eee © 0-4 
FHoMUO 


TINS FUNO 
FHDOtI5 
© 0 © © od 
INtUM une 


OtNOR 
NOIMMAdH 
ee © @ ed 


tNFNO 


ROWCTH 
Oot 
eee © on 
MNUIVUR 


amaDmmMTNIN 
Tom +tao 
eee ee 


CUNULO MSO 


TOFTNFO 
WUD cUsO Mm 
eceee 
AMIN ING 


4 


CLINMOMoO 
NDOOFt 
ceceee 


ANDOOO 
aA 


AADOTMW 

DNOMMW 
eoeceee 
ANA 
dain 


WUE NOOO 
UMN 40 


muDm atu 
7 


ON DOND 
ote 
ee ecee 
WONidtn 
aio 


rTon+oxc 
Myton stt 
ceo oe ee 


OM tun 


MOM Ook 
Wine word 
eeeee 


NM toc 


Dtorcwor 
WONAMt 


atotd 
=) 


TO LINDH 
DMM At 


FMOOTS 
xo 


DAONOKR SD 
motwomM 
eceee 
FMS 
aol 


wonouotu 
AO OIN + 


aA ON 
NaWwWoZw 
SAAD 
° 
zZ2= 
teae} 
rm 
x 


APR MAY JUN JUL AUG SIE oct NOV DEC 


MAR 


tut 


a 


LAT/LON 


DHAMOOF 

FMXHARODM 
eee © of 
ANAM 


oFtOomMonmM 

AnuoMory 
eco oe ot 
aah 


AONDIH 
WMODOnR 
eco oe of 
das 


dR MOOW 
AANOSTR 
eco eo et 
Naa Ww 


NNOMON 
weHAOWM 
eee @ elf 
Noo Ww 


amoxndmMnudn 
AATODHO 
eeece olf 


Mod 


NOATUR 
ROMmoM 


RADON +t 
OAMNOnR A 
eecee ot 


Ad HAN 


WONlW ADO 
NTOTON 
eeseeeem 


dda 


owunOMst 
WACO 


eeoee 
7AMPR MO 


NOONTMH 
ANATOXd 
ee ee od 


MNTNO 


NON OMY 
OWN abo 
ee ee ord 


NVR 


WNIAHNOOS 
UMM ALAS 
eee © od 
MANSOOR 


YNOWOZY 
Saooccrm 
Oo 
z= 
wun 
tN 
~~“ 


WARDOR 4 
NOCAMM 
eoeecse 


ASOWM 
=“ 


NHOSHAGG 
oWODMmMonmM 
e@eccoe 


PA FOIL 
aA od 


LA PO CURD COL 
tmMortot 


WNFoOrN 
~~ 


DROMSK 

nRoDotsmM 
eoeoee 
uoMmnDty 
a 


wRFVNOMO 
MINDONS 
eeocee 


RMWONO 


IQINANNS 
ANANOSF 
cece e 


DARN 
a 


OMDOAE 
me UOWR OO 
ce cee 


OtnRM4 
=“ 


KRRUDOS 
OMWOD t+ 


OMRM 4 
“4 


RNR AO 
mM COLOR RM 
eeecee 
NMOoMoO 
Seal 


WTONAHG 
SFOMORYW 


TTOTD 


UMMOWN 
<a 
NOWOZN 
eoescn 
o 
== 
woo 
rN 
= 


omanwow 
ADDARIN 


eeeee 
ANRING 
a7 


DOMUOM 
LYRROUW 


MUD 
a 


MmMonott 
NMR NS 
070%, @) 8:18: 


OMOUNd 


INDOAM 


ANWOONM 
eeeee 


IFMUWTOH 


DR OMmtmH 
DMONMa 
eoccoe 


NARS 
=a 


MULAN 
WODoAFOR 


eeeee 
ANTM 
xa 


WODARKR SD 
ADWNOW 


MUTT 
a 


MOK NOR, 
ROWNOMIN 
eooeeece 
LANE Neo 
a 


NOORKMU 
ONOMERY 


weston 


ATADON 
NOATOMY 


woos tound 


WMotrRR 
~TOWMmO 
eeeee 


oN tN 


MtONOD 
MMNANSt 
eceee 


om stuN 


M99 OV TiN + 
AANNOW 


ceceee 


WMUNM®d 


NAN OLN 
ONC IWNDO 
ee eee 


MOMMY 


WADIFNOD 
THOARY 


NMUMsS 


WDAOOWN 
LALA + Ton 
coe eee 


ANWO FD 


MIWUVED WO OV 
On FODO 
eeeee 


ANA MO 
a) 


FTNONO 
wOnoxnDo 


eoceeo 
MUDoMmo 
Sa) 


OntMOMd 

WOMNWOOOr 
eoceoe 
INRNOD 
amt 


MmMmMmspaout 
OMONTHN 
eeceee 


LA KUL OU 


BOMOXHND 
WOODHAM TIIN 
ececee 


RYU R 


RoWDON 
~OrR0 ON 
eeceee 


ONFSMR 


DOMOKRN- 
anOotmMmo 
eeceee 


ONTtVUR 


ANMOWN 
On NATO 


nuton 


DNODODHNOOD 
IMADAIO 
eceee 


MNT 


QIN WO OFT 
ANDOSN 
ekel,e Lelie 


CUCU +O 


RONAN GH 
AAatOTT 


RROAND 
DANN HAO 
e@esee 


NARS 
x 


MUOFMOO 
RYR OOD 


eeece 
ANOUMO 
Sal 


MotoRA 
ANMN AD 


eee © © 
MNUAMO 
a 


wFTOMUD 
MRUMNOR 
eeeece 


FUOND 


MNOWOOd 
WONFTHNAD 
eeeee 


raw 


wWwlwWNnTUWY 
MaTtTdHOD 
eoeecee 


WNaAMmuwo 


MRORMO 
NOW AHO 
2 ec e@ © Ord 


natn 


ord el 
mammomOnc 


LANMAO 


TIOMAONK 
NotrOor 


eceee 


LANA NM) 


M) COR. QU COLY 
MAO 


eeee ord 


Moun Oo 


nRINODm 
NOM0NR 


CUSILAM & 


FUN OM 
OANNTH 
eeeee 


NASH 
4 


MOCRNA 
TOMsrOo 


eee oe ort 
ANKRMO 


ANOOWN 
DONQMAM 


tuwOND 


NAMDOd 


ADNDOD 
ee oe ex 
THMAW 


OFTNMO + 
DOMNOND 


FHMNDO 


FTINTHO 
WONUMRO 
eeree ord 
WaMnwo 


RaWaonm 
nRIRMOO 
eeecee 


mOMmuUw 


OOM OD 
RMNDOD 
eeceee 


tutmwo 


MOR oOM +> 
Bw LANL OR 


McuULN +t Oo 


RdNosry 
QARMTO 


NNSMYR 


OMOaWWU 
NOS AD 
ceeecee 


ANOS 


DoNnnsto 

ROxANR® 
eeeee 
NRSo 
=a 


RoNmMmory 
OWN SRR 


eeceee 


aNaorN 
ad 


NIMHBHOM 
NMoOONO 
ee © © ord 


FNOND 


OMDRAN 
ADODODMN 
eeeece 


THOR 


DWUDMGIO 

MOMLOAN 
ecoeeee 

WAT 


RMOWR ML 
TR OWDD 
eee2ee 


WAMANO 


AUMMUR 
MANADN 
ee 6 © ory 


INNUM AO 


WOULD FOL 
ORRDOWO 
28 © © eed 
MANA 


SRTHAON 
DOONHK 
eocoee 


NOWS 
hal 


NMNWOOD 
ONAN 


NUDIST 
a 


MOLAR PO OLY 
monaco wc 
e@coee 


Necomn 
x 


TOND OO 
NOR AAW 
eoeece 
FNRMO 
4 


RAR RO 
NOAMNMDWO 
eececee 


LONIIN NID 


WNaHOWO 
TADAN 
eoocee 


ON FMD 


omMmnR tM 
SMMNOO 


ON FUN 


aOR WNM 
WN THM 2c 
eceee 


LANAI 


MOBHONN 
WODMNNN 


NCUA 


MoAMOMO 
MOAMoOWUnN 


MAN Mo 


IN PR MOL 
DADDNO 


unotd 
«a 


FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC 


JAN 


LAT/LON 


AMNVOOK 
wosrtsrowo 
eoceee 
NANO 
aA 


NONN OM 
RMNAM 
eceene 
storm 
a a 


aomMonm 
OMONDe 
eeccee 
wR ow 
a ot NN 


On WONWO 
ROWUWOOH 
esvecce 
wnuowr 
a wid 


NHAHOWO 
WAOFTOd 


+ttinmw 
nal ad 


enous + 
ODAOROG 
eeocee 
ONL 
od haa 


CR OMN 
WONMmoOrtW 
eeeee 
AYR MO 
aA ~= 


FNHATFOD 
ol and 0] 
cece 
on tTWNO 
aH NY 


DINK. DOO 
OWANdAd 
eeceree 
wNOnnDnwo 
x 


mRODKRRT 
DOOWNR4 
eesee 


NDODHAMN 
v7 


nNoawWoZn 
o9geo0ca 
fo} 


zz 
+ 


das) 
a4 


FHAANSSO 
AQHANOXAOR 
cece ee 


Norn 


NNOAOW 
ITNOTOH 


eee eo or 
AMM OL 


LA CUM LINO 
RNDOM 
eee © ery 


NNTHAWO 


Omstnot 
Nef. ofantoaK aston) 
eoeeaee 
IFNMAWO 


FNDOCO 
DMORN 
eee © ed 
LNMAO 


DADIUD 
WOARSTHM 
22 © © ord 
ANNAN 


FOHHODO 
OnmMstmo 
eee © orf 
FHM 


MMOMNd 
NNW ODS 
22 2 2 ory 


WONM ALY 


Mmaotranno 
MNoODMNd 
eee 0 orf 


stoutuw 


AMmtnR AK 
ANDWOMN 
cece © or 


Musto 


WOndoOnAoONd 
ROTOOD 


ese es © ort 


NCNM OD 


RUTDOTS 
NUR ADD 
20 8 © er 


AN TIO 


NOQWOZYN 
Soeroon 
jo) 


Z= 
RLY 


rN 
cal 


NNISINOUL 
AANO THO 


eevoeee 
AMOMO 
~a 


Nonrnst 
DODOKND 


eeeeco 


ANI CUR 


DADMMW 
ANDUNWO 
ecocoee 


MMOoMoO 


OxnAANNGD 
WANTS MR 
eecee 
WMA 


FIMMRR 
WNOONURK 


LIAN OR 


MMmonot 
WN On ton 
eeecece 


Ramus 


AAROMO 
NINUHOMN 
cece oe 


ONNMN 


MOHHOS 
MANIOND 
cece ee 


WNUFUWO 


NNODHW 
DTNFVUO 


ININUN 


wottrRosr 

DOMNAO 
eoeeee 

MONOMO 


ANFINMO 
DOOM 


Lol ek duel) 


woNnronn 
MoRUMR 
eeccee 


ANOS 
Saal 


NACDWOZN 
ASCcoea 
fo) 


Rw 
rN 
o 


MoDoso 
RoADANOO 
ee ee ord 


NOTD 


MoOMton 
RODMSO 


ANTM O 


AAMOOO 
WoOMntr 


ecoee 
MMos 


WLA OM RR 
OMNANR OD 
eeeee 


ITNMOCEM 


DINNAHO 
NNOWOTER 
eocee e 


NoHo 


WOAMAMsS 
RNOMOSD 


e@eceee 


On SUR 


OXHONOK 
ORNNDYO 
eee © ord 


tas 


mort HN 
DMMDWUD 
ee ee ert 
iN CUM 40 


NAOOMNDN 
aAtNOMD 


NOs 


SNUOrK AK 
ATOR DO 
ec ee or 
mustounr 


onNon tt 
ROTM DO 
ececee 


NUNS 


DAMAN| 
AWN TODD 
cece eo 


ANOTD 


NOWOZY 
Sq0000 
to} 


AADOOS 
OMINNR. © 
ec eee 


NANA 
<rJ 


OnROODLH 
RFMD 


ANOMD 


WUINM O40 
OoORMMNW 
ee | 
NAN 


NNDOR A 
CMXoAMO 
2 0 © © ov 
muons 


OoOnAROUOD 
DMNOO®D 
ee eee 


ON TON 


DOKRNOD 
RRM ASU 


Ruste 


MODOR GD 
aAnAIMSNM 
ec eee 


ONTUE 


MoOMowr 
MON HD 
ec eee 


OOM 


Worn TOUR, 
tMmHtMMN 
ce eo eo 


ronan 


DIAM MAIO 
FNDMOrNO 
ee 8 & ord 
MUtUN 


DANDHADN 
FIONN 


tC +O 


ONATOW 
TOO TUK 
cece ee 
ANON 
ae 


NOWOZYM 
oororm 
{=} 


121 


ADONORT 
DIN HO OW 
eoeee 


NotnN 
xo 


FTIUM OW 
FTOTRHW 


uoMmwoumn 


JRITMMH 
NOUMOO 
coco e 


RNTMO 


FUMDUMO 
ONFOOM 
eee oe 


eMmtuc 


OnADMDO 
WOW DTINO 


LAN Mao 


OORNKO 
OMAN 
eoeee 
LOMO WN tO 


TRONS O 
MNRODW 


PMRUNGY 
a 


NMMmWWw 
ad 
YNOWOZY 
(ofan fox fe fa. fad} 
o 
rca 
Lea 
rN 
xo 


DOOM OLA PO 

NODWD OS 
eee © Ord 
ASTNO 


IATNOWN 
oOMmMManst 
ec ecoe 
CURD ALN WO 
daoiw 


AMMONUE 
RoAAAOO 


eeceee 
NUAS T 
da od 


AnNFOOW 
ARMwOD Ft 
ee 8 © oe 
MoAtHIN 


MmMaosroOwO 
NNWOMN 
ee © © or} 
MAM AW 


MINUNATN 
ALN CULO LY 
© e@ © © or 
MANGAS 


ONAtTO 
WNOvoOUN 
Se | 
THM AWN 


ROtoOMM 
RNODONM A 
ee © © ord 


MAN AT 


LARA MO 4 
MNODnoODt 
ce eo orf 
MANS 


NAWOVNO 
tRROOt 


ee © @ Os 


UAT 


NAFOTHAD 
Notat+ 
eee oe ort 


ATMO 


AFtWOnRD 
onOonwM 
ee e@ © ory 
AAT O 


NUDDOO 

LN LA FLO LY) 
Pe | 
ALAMO 


WONNOD 
totnrea 
eee © ert 


ANON®D 


ol el dd) 
ADM SN +S 
eee © o+r4 
NARMOD 
~~ 


DNIBMADO 
MNOMD+TOrn 


eo @ 6 ort 
NANOS 


AMWOOFtO 
woTRINNo 


ee © © ert 


MAMA 


ddhotn 
AtrNOOS 


eo e@ © er 
SHANA 


NANO TU 
woMoctwoO 
e@ 0 © © eed 


MAMAN 


DMONONN 
NASON 
ee © © ord 


LOMO FLA 


ANMAMO 
ADNNHON 


ee © © ord 


FHAMUNWO 


AAOATW 
HOMOMa 
© © © @ ory 


MUSOU, 


MOHDIND 
mM FOMON 
see ee 


AIQULAN) 


IRIRNW 
TAMRON 
ee © @ Ord 


AA tO 


NDWOZMY 
Ssoagean 
j=) 


z= 
Rao 


tM 
a) 


WADNUDWO DO 
AO DRO tT 
eo oe © ord 
AAINOID 


MUNDocW 
DNMING + 


ee co © ort 
MAM GIN 


WORM OY 
MAO St 


eee © ort 


MANAS 


MODONe 
NASR R 
2 0 eo oN 
MANA ST 


FOCUMINM 
euMInnt 
e 0 2 © od 
tANAT 


NoADTDS 
NFHADDO 
ee © @ od 
lomNistoRK 


FTNAHM 
MANN 
oe © © ef 
MOAILA ND OD 


OunM— tom 
DUINOMTA 
ee © © ort 


ANTON 


NMA ton 
AIL OO OY 


eece ee 


ANDO tO 
al 
NOWOZYN 
sercen 
° 
2= 
na 
+m 
aa 


DmauwoM- 
omrwonw 
eoeceee 


ANDOU Tt 
xo 


DOWOMDO 
trotrow 
eoeee 


INQULA CUR 


DRONOWO 
oOnAmMtMO 
eceoe 


INNINGER 


nuMmonnNT 
Incinwm + 


LINAS AIN 


NIANaVO 
OrnOUOTO 
eee eo 


SHAM N 


MdHAnhR COND 
Ain: FDORLN 
ecoee 


WO CULN MI co 


KRMONDS 
On IMTOO 
eee ee 


NAIR MO 
= 


MansOod 
Santust 
eeccee 
ANWLN 4 
I 


NDWOoOzZwW 
(afaik antec a £20) 


fo) 
z= 
ine) 


ie) 
Sal 


APR MAY JUN JUL AUG SEP ocT NOV DEC 


MAR 


JAN 


LAT/LON 


ANOMRYY 
Stor ww 
eeereeem 
AMAL 


RWOdAS 

SMR 
eecee 4 
ANN 


wWotrmMo 
ttMstow 
eo ee ot 
AANA 


WOVODHADO 
ONONSN 


eee oot 
Noda 


HAONNOMY 
DHOVURWY 
eee co ot 
NANT 


C2FORMO 
DNAWOTFO 
ee 2 © elf 
Nad 


Wonton 
DANORY 
ec oe oot 
Naa Ww 


on torn 
RAMORM 
cece eet 
Naa 


FTMTDTO 
ATARI 


eee eet 


Nad 


ot tNN 
ONMAOUWD 


eoeeet 
add 


WOWWNOD 
NMTDOAWN 
ee ee ot 


ANAT 


ARDOMMA 
wNomMmiund 
eee © oe 


AMO 


NORMHAM 
NONNHOS 
ee ec ec oct 
ANAM SD 


NOONAN 
NOWUOU 
ee 8 © ert 


NAFtNO 


TOFSONS 
WOWNMDOD 


INSHM 


TMUNON 
foal tai tal St-eley) 


eoeoee 


INCUM AL 


AMNOM st 
WNtWNTtoNn 


wonNnmyMdAwo 


Onn OTD 
MMt WoO 


woMmMmaw 


oon tonn 
NTR OND 
eceoe 


WN AW 


BULA LACUS 
cro too 


FTVNINN 


MOM SMO 
MoOcon sr 
cee 8 ord 


MOM AW 


WOON TtH 
WONDMOrR®D 
apevele.s 


NN SON 


NoOWwWozZYN 
ja fafafafafse) 
o 
Faz 
mo 
IN 
ad 


AROODO 
RUM 


ART 
7 


WAGONS 
FOTROO 


eee © Oc 


ANUS 


OENONO 
ROMwOTO 
eeevse 
MMA MA 

a] 


ARNAOD 
NRIROAD 


INSHN 


NOB NUR 
TONNER WO 
eceee 


WONNUN 


OCONNOANAD 
WAMOWW 


eereee 


Nu tacw 


OORRMW 
AOTFHANM 
eeecee 


VMN wo 


WAMWOD 
AND AN 
eceee 


wontmo 


NRWOMOF 
MNoOAOMN 


eecece 


oMmortn 


RIFDDON 
NMOODW 
eecceceve 


tMUMoD 


ToOnNDoO 

ewNtumMmo 
eoeoese 
NOSSO 
=) 


OONHOM 
RRNWOR 
eeccee 


ANUMD 


STOMNKN 

DOADON 
eeeee 
nNott 
did 


OFtRNWOM 

NRONRS 
elleitetee 

injome 


On tOMRK 
ataNmoo 
eeeee 


ontur 


NoONooM 
RMMSTMO 


wWNLNMO 


WONNNAN 
NMANOM 
ececeee 


WONMNWO 


MOPtHNT 
NINONW DS 
eocecee 


ONMHAW 


RAONTN 
ANRDOOD 


INMMEK 


NIWOT 
DIM Sri 
eeeee 


Mmmmawo 


MnOWOTD 

FDINOKr 
ceeee 
NOt 
=) 


NOOR TM 
NM TrOHWO 
eeeee 


ANN tN 


MOMONLW 
RMAOOK 


NOS 
a 


DODARN 
AODHAHWO 
eeecee 


moawonMo 


OFTOdda 
NReAtTHAO 
eeceee 
LACULA CUR 


RNWOOS 
HODMNN 
ececen 


nn tus 


IRR TOW 
WNAKRRWO 


eeceee 


RUNS 


NondomMrA 
~wMO AON 
eoceee 


wonnan 


AMUN NWO 
INWOANO 
eeceee 


WN MANDO 


MANMOO 
motown 
coe eee 


won +Ma 


nNAtnRMM 
TR ORDO 


MAWMO 


MSTAM ON 
TOnNMRO 
erveee 


NAIA +O 


ROORNO 
NveFNwoTO 


NODWOZM 

osreoson 

oO 

res = - 
on 
rN 
7 


122 


LOR DO RL 
WAS NINGS 
eeeee 


NeW 


WOWRND 

RIDNMON 
eecoce 
NNOMA 
o 


SBovwoww 
SOTFFOKN 
eee e eo 
MaAtUN 


HHA ANWOO 
MRMTHAD 
ecoceee 


SHSM 


TADOHAMH 
AMUWOOR WO 


ON TOR 


maForRon 
DADOrKOM, 
eoeeee 


wnotuwo 


AOMDMN 
BDROOON 
eeecee 


WONM NO 


MODNMD 
NONWAOn 


LAMM NWO 


MANNOLWN 
CHOooMN™ 


MutMo 


NondmMwow 
WONO TO 
eeosves 


UNOTO 
“4 


nRarmMt0M 
NIWHTM 
coreee 


ANRINN 


Rael 
nNOWOZM 
CIOSem 

o 
2= 
sD 
r™ 
a 


NOAM 

RAODTH 
eceoeoe 
NOFA 
ao 


WNFDOW 
NUNMOANO 


ANOMD 


WWLN OM OY 
MOANND 
e cece 
NNR MO 
4 


ORAS 
BDHAMVYNH 
eee e or 
MNtOUN 


ODnarmsn 
wNnOWOD 


MxaAtrAwO 


AMO ALY 
ADOANG 
eee © ort 


LAAMNO 


MONMNWO 
NOon TO 
ee eee 


DAMN 


= 
NDWOZM 
coracon 
o 
ra < 
ox 
rtm 
4 


AA OCOOs 
MWOWOWW 
eo ee Oe 


base] 


NRMINnt 4 
MmOOM tM 
e@ 28 © © ee 


ALAMO 


NOWOMD 
wtTOMNoD 


NOM 
7 


woROORS 
MRM OM 
eee oe ort 
MATH 


DOF 
DoMond 
eee ert 


NAMA 


hROWWRG 


FNORRS 
ee ec @ Oe 


MANTA S 


WNFmMortnr 
OoFTNORA 
eeree of 
FHM 


oOTNRNWO 
coOoMOoD 
ee ee erd 
MANAM 


RTONON 
DOoOnDaDoIN 
ee 0 © ord 


MANAS 


otoniod 
NODANNR 


ee © @ Ord 


NANNY 


TONINITN 
+FtFOTOW 


ee ee eet 


AMMAN 
MOR.coOM OY 
RFD OO 
ee ee on 
TMA 
YNOoWOoOZM 
acoccan 
°o 
z= 
ow 
+m 
nn 


MU DOMS 

WOFTMDBO 
eo ce © or 
NOtO 


DNszoss 
TFOWON 
CPO Orn 
NOMA 
bal 


MnROOHO 
RHA R OD 
eeceoee 


moo cud 


ORMNAS 
AOOMNN 
eoceee 


tHatanr 


oONotda 
ON NANO 


eoceee 
FHAMAW 


WTORRAY 
oODOMUMD 
eeeee 


WAMNDO 


On MM > 
IVNONNS 
ecece 


WANMNO 


AMNOMOD 
MOMTKR OD 


LAN TON 


NINCOR 4 
TAO DNON 
eceee 


FNIMRK 


FTOMoNN 
DHODNO 


FaILN Ce 


IRONS 
OornAMNW 


LN QAIM MOR 


AOR MDO 
Rotsttoo 
eceee 


NASM 


ANDO AN 
omst Onn 
eceeee 


WN QUPI MDW 


TOON AT 
NRUONO 


ney smc 


ONDIO TS 
DOMDMWNO 
eevee 


Amin to 
od 


TOT MONN 
NM OnD+t 
eceere 


AMOWLN 
4 


NDWOZM 
SJeegeoo 
fo) 


z= 
ot 


rm 
a 


APR MAY JUN JUL AUG SEP oct NOV NEC 


MAR 


JAN 


LAT/LON 


COMPRAR O 
AROMAS 


AMR LYM 
~ 


ROMMOW 
NORMOW 


eecece 
AMINO 


OtotrKo 
AMONTR 
eceoe 


KLMMUR 


NUWMIANO 
LNDLINO LIND 


RN UNO 


OMFNON 
ADCOOMO 
eocree 


oMStNUN 


ooNKonDo, 
STHAARNO 
eceeece 


RESUS 


OMAMWRK 
Doorn 


wontmn 


NOOK 
nm Doth 


intone 
od 


COORMORD 
DODNOM 
ees ee 


NTOWsH 
x 


MMODAN 
oR cuCUMmM 
cceee 


AMADO 


NoOWOoZn 
eooocon 
lo} 


TWOTAH 
RONMOSD 
eeeee 


ALN MO 


DMUVWUINO 
FNUMMMO 
eee © ord 


ANFSMR 


tFOCODD 
WMO ADO 
eece ort 


NNUFNO 


OMATOK 
NICHMON 
eee © ord 


FUT MUO 


ARNOHO 
DaAMMTN 
e © e @ ort 


TMNO 


MOWNRS 
RHORNS 
eee @ ord 


LANA ALN 


OFMOUOt 
WIAORD 
eo 08 © ord 
WNM NWO 


OOrR OM 
RMODOD 
eo 8 © Oe 
oman 


OMOn OCU 
NOMODOO 


nusrur 


woontanm 
onWNOD 
ec eee 


mura 


NAW AMOR 
OCHMOMNO 
e2ecece 


CUM LYM OY 


nNosMst 
FNFOON 
eoceee 


AMIN FH 


NOWOZN 
la fafa fafa {oo} 
jo} 


2= 
on 


ru 
a 


CORUOW 
RITMOMD 
eoecone 


NAM 


WNFtAte 
DORA ST 
ee ee or 


ANSE 


MOAN OCU 
WNTFOUOd 


e@eceo orf 


Naingw 


DBOMoONS 
MOAMUY 
eevee or 
Mato 


OOUNON 
AODTRO 
eo ce © or 
FANGS 


ADOFNT 


RR OMORR 
eee oe ort 


FANGS 


RFOOND 
fook-ol- ok a loa a 
eo e8@ © © Oe 


inn 


RR OOM 
ROASTD SG 
cee e oJ 
MANA 


ARDMNAD 
ONTNWS 


eee oe ord 


TN TNWO 


WMO +O 
MxHrhOWS 
ee eo Od 


nNMmow 


OARSTOM 
MPhMUIV © 


Nt wo 


uNOoMwoM 
MNAMFMD 


ee © oon 
INE seks) 
NOWOZN 
osce0ca 
oO 
z= 
oak. 0) 
IN 
d 


DWOOMN vt 

INDOOR Set 
e@oce eo oe 
ATMO 


FHOFMNO 
ADMOMM 
eee © ord 


AAW 


DONO 


FOWORON 
eee © ort 


Maine a 


ACONNRGY 
Mostnortsy 
ee cee orf 
Mnutawo 


ONY SOCULN 
CWOMWOO 


e@e0 e@ © or 
taqhMHTt 


WNTNUW ST 


FTOHOTT 
ee ee orf 
FTHMAW 


MNDDOD 
ON HAR OM 
ee eo od 
FHAM AW 


OOWNINW 
HAROOMW 
eee © orf 
STANAT 


WMNOTN 
ADonnNMy 


ee © © or 


MOUNTAIN 


OxAtOtN 
MNORTHG 
ee ce © ori 
NUMNWDO 


MDOMOD 
DHOMINGA 
ee ee ert 
AN TNO 


THAD iNM 
NNOOND 
coe 0 eo 
ANN FO 


MN OOet 

LINO FWrT4O 
eee eo oe 
ASUS 


ROOOTR 
Orn AMMO 
ee © © ort 


ArNWO 


DWNTHOMNO 
ONO TRL 


cece © or 
AAINO 


TRNWOOO 
OL FIND 
e oe © ord 
NAM HAF 


NOMAND 
TARO 
e@e@ @ © ord 
MAM At 


NUAMOW 
DFOonrwo 
ee 0 © or 
NANA 


NOWOR LD 
ATIMUW 
eee © ord 
tHAN AT 


AOMtORF 
IWONNDO 
ee ee ory 


THAN 


tThRRHOD 
On DHNMO 


ee 8 © ort 
MAN AT 


tHAD THO 
WNIDTO 
© 28© © © or 
NAM OLN 


ONTMAL 
WDMDON 
Sitetiellelkes4 


ATAMUWO 


RMMtMO 

RRTOMWO 
ee 2 © od 
HtMnN 


NOWOZYN 
(a fa fafa fo.tan) 
oO 


a 
no 


stm 
ad 


123 


WIR Ae 

FOTVNOH 
e@eee oj 
AMON 


AR OTL 
AWNFITFHO 
eee © oW 


ATNO 


ADNDOTS 
RWNOCOND 
eee © eG 


AAS 


ANDTVUN 
FttammMmmM 
ee eo © oN 
NANA 


WNTMURO 
MOM DLW 
20 © © ord 
MANS 


OM ANMN 
DNodAwon 
eoeee oJ 
NANAMH 


IMorno4 
DOWD Ho 
ee oe 0 
Nao 


MOAI COR c 
OOMOMK 
eee © orf 
tANAS 


oN ER NMINOOD 
OMdak OM 


eeee en 


NAN AMY 


RROOOW 
ANWGTAMM 
eee & ety 
NAM At 


eoNanoM 
MOFNND 


ee 2 e en) 


AHMAIIN 


DOoOr OM 
TFOMRWM 
eee © ord 


ASOD 


loa donk ok tit a) 
ADATHNM 
©2008 © or 
ATM R 


trum st 
AOR OST 
eee e Ot 
NAN NO 


CORMNG 
DONAHHST 
ee 0 © ord 
NAFNO 


armoouomM 
ROMoOWM 
oo © © ort 
MAMA 


ANAM AMD 
ANIM DO oUM) 
e@eee orf 
FANGS 


I?IMOOIUNWO 
NIMOOH 
eee e or 
FTHAMAW 


oWMNnoMD 
wonmmn 
eee 6 eo 


NNTO 
aaa 


On DOM 
oRWMNW) 
ee ce © orf 


Ans AR 


ORNORN 
NOWDH + 
eeee ert 
AHINR 


ANMXHMS 
OnOWDNe 
ee ee ord 
AMA 


OOKRNTAO 
MNATOR 
ee 0 © ord 


MAM At 


ATAORR 
OtrROMN 
eo e © ert 
MAN AL 


RTNOWD 
BRMODAW 


ec ee © od 


MAN AU 


tM OoN a 
OAnRMN St 
2 2 © © ort 
MAM HL 


ROR AND 
NOOMAI 


eee e ert 
mM don + 


HAOWONDNO 
OMNWOwWNM 
© 0 © © ery 


NATNO 


DORDORr 
cm ooo 
ec ecee 


ANFMD 


WD OM 


2 2 6 © ov4 
AOtH 
od 
YNOWwWOZY 
SASS 
Oo 
Pass 
aon 
tM 
at 


Moonwnu 
tronwouM 
ee & © Ord 


AMO 


NFOMN st 
DMOUNHMO 


ee © © Ort 
ANMDO 


HOTONAT 
DORSOR 


oo © © ord 
ATANUR 


OR OLIN 
ROCOWN 
ec e © Ord 
MAM ALN 


MOOMHXHo 
RADNER 
© 0 © © ord 
AA at 


DORNND 
RmMunMm 
ee ee end 
MAO! At 


RTINR TWO 
LAMWO DOF 
eee © Ort 


MANS 


AN+FO0OnN> 
MOFTDOO 
ee © © ord 
MANS 


TOA NG 
Donat t 


ee © © ery 


momonw 


LALA OM LN 
CHAAOOA 
2 0 © © oxy 


aim tow 


NR OANA 
DADMME 
eee © ott 


ANAM & 


THOAOD 
mamNttM 
ee © © er 


atom 


stoOsrnoOt 

INnRDORW 
eee @ ort 
datMmr 


SMNCOCOW 
Din + OD 
eo © © ert 


ASTUR 


orxnAoOsTmD 
TOWNKR OPM 
eee © orf 


ATAU 


NMOMOO 
DMOHAHADMO 
eee @ eri 
VATU 


OmMndtto 
OUAiINOM 
28 © © er 
aM at 


MoAMLN a 
RTNONG 


eee © ord 


MANA t 


MPOTIMUO 
NWR TO 
ee © © ey 


MANLY 


(Ni olen era a) 
MOOMRNY 
eee © ord 


TSTANNY 


ummm oco 
Won dt 


ee 8 © ord 


MANN 


dAnaomMns 
Reomtmy 
ee ce © ext 


NAtWO 


MtrmoDN 
RO DCAD 
© 2 2 © ext 


AATFNC 


MOROADW 
om ones 


APR MAY JUN JUL AUG SEP oct NOV DEC 


MAR 


JAN 


LAT/LON 


MMONDO 
OWORR 
eeeeste 
AW MU 
did 


RM FOON 
OTMOGA 
eceece 
MR AIO 
une 


WAN AND S 
OnNMANT 


woNoNOrK 
on 


oOOmMwos 
AOmMomou 
eecece 


dAttto 
a 


WdAQHIAH 
OTOMNOH 
eeceoee 
Hoo tt 
NAN | 


DWOTMOD 
MANAD 


woOrDonry 

RoOMOdd 
eoeeee 
ONFttO 
AWN 


DOLINN DINW 
NDOVIoOF 
eceece 


olelter= a] 


MTOANG 
oNOWOWNSt 


OTNMO 


YNOWOZM 
eeacaaa 
oO 
zx < 
oo 
won 
=“ 


MUR TID 
RON DOT 
eoccecee 


MR 
~ 


ANDRTW 
FTORHOK 


TARILO MD OD 


ODOHNFHAD 
hf AMM Ow 
eenee 
PIM O 


ONS FHA 
TMHIMME 
eoee3#e 
FUND 


foaltal- elealelar] 
DONATO 
cece eed 


SFNITNN 


FUORRR 
WNATINO 


wey tam 


NADONN 
Rtn DOO 


eeere 


WO CULM OY 


DOWUM 4 
NOAA 
eeeese 


Nawonnw 
nal 


RONSTOF 
WFLA 
eeeeve: 


NR SN 
| 


MODDIOS 
NOTOMN 


e@oeceee 
ANUMO 
a 


ONWOMOO 
Ro del]. 0) 


NNOMO 


Nonwr tM 
wWworooMm 
cece e 


tortor 


TNT oO 
MDOWNDeH 
eee o ord 
NAM ALN 


WONRWTEO 
NNN tO 
eee e er 
WAMAO 


TOTNMW 
OW TNOHS 
eeeee 


takai eletive) 


rrmntyost 
COOIMHAD 


NNO 


RtoauMd 
RRM oO 


ceeecee 
MNOTHA 
5 


DOWN + 
QNONDDE 
eeeee 


NUNOMO 
a 


MDNAHRS4 
BIDAR MNO 


ANA 
4 
NOWOZN 
a. fafa [ala ire) 
°o 
rae 
20 
Wn 
a) 


RODWOD 
MOORWO 
ee ce oe 


NNOUND 


ROR CURD 
PONON tS 
ee 8 © ord 
MaATrNO 


DoDrnrO 
TNnAOmMt 
ee & © eed 
MAM HN 


WOMNNOTD 
AIFNOUOMW 
ec ee ord 
SHAN TAT 


MOMORD 


124 


AR SNSS 
RonomMw 


MOS 
San 


RWONUINSA 
NDAOORD 
eee © or 


AaAAHOMD 


NIOFMS 
MMO amd 
e@oeeoe 
NANOMD 


AWD TMRG 
HOOR AM 
eo e © ect 
PION ALN 


AN AOMO 
OnRWNOmOM 
ee @ ee Ord 


FTHaMAW 


SxdNdiNo 
otmMuUnRst 
ee ee or 
mMandM 


AAA DO tO 
NWNDOW 
eee © ert 


THM AL 


Ntroort 
BANDHAN 
escee egy 
WNW 


DUNO RK O00 
WOMnR OOM 
ececeece 


rNNNO 


RRHAMPD 
NWR OOD 
e@ecoee 


NMAWONO 


MxADANMY 
NAN OD 
eee o or 
Mela 


MMa00M 
DOTrON 


eee e ort 


MAMA 


nROdOot 
MIMS 
ec ce ort 


TANAIA 


ORM FtOD 
MUNNTtOO 
ee ee ord 
TAN 


WNOFN AM 
QIAAN TO 
eee © orf 
LONIMCUUN 


AMOON 
FUDIMD 
eee e ert 


TUMMRK 


tut tut 
NIN Wow 


MOLAM OY 


WOXHNMMO 
WINONR ON 


Non to 


NOM 4 
4 
YNODWOZYN 
(a. (anfantenfan{es) 
° 
z= 
om 
we 
a 


toooton 

FoOOMNMH 
e@oce eo ord 
ALAMO 


MOMOWO 
ONOMUR 
ecoe ort 


ALON 


TFOWDOR 
MANTA © 
eccee 
NURMO 


STHDOMH + 
NOWNM 4 
eee © ord 
Mato 


WONT +O 
AMRMMR 
eee © ery 
MAIS 


RTWNORW 
aoTDKHOWO 
eee oe ert 
MAM 


NOWNND 
ROHN OO 
ee ee eI 


N NAM 


adtINROO 
WWDMNMO 
ee ce ed 
MANGAS 


WNOOdtO 
NOTOMO 


Cl OOK) 


MANS 


WOMARR HO 
MONAT WO 


ee © © ort 


NAMAWN 


QMODaAH 
UNM O0O + 
ee ee ed 


AAMOULO 


WONOFTODO 
WOON t50 
ee ee ed 


ATMO 


NDWOZM 
Seacee 
oO 


z= 
ot 


inn 
hal 


WUWONENO 
FOtOHH 
ee © © Oe 
ALN OY 


LAR. DLN CULN 
DOWUD + 


© 0 © © ery 
ALNIS SO 


CONDADO 
DOHA HM 
ee © © or 


ADAWOMD 


CLNWNONILY 
RHAOUWEK 
2 ee © eM 
AXANAM 


O00 tO 
NMNWO + 
ee eo er 


MaMa 


WOoOnRRAd 
NNNWOMM 
eo ee er 
MANA t 


wAPHMO 
AnwWWwTWY 
ec ec eed 


MANS 


DOOKRMOA 
HOR OMT 
eoceeod 
STANNT 


DaMnannmy 
NAODDM 
ee © © er 


FNUMNO 


NoaVUNnd 
DOMNNO 
eee © ord 
UAIMO 


ina 0 FON 
FOAMMND 


Aa stOrN 


eee eed 
NIN +O 
4 
NOWOZMN 
ooceanD 
fo) 
z= 
ow 
nm 
aol 


MINDMOW 

NOROR TS 

eee o of 
NAS 


AOS 
WMoonnwuonm 
eee co et 
ANAS 


MOADOND 
NORODOM 
eeee oN 
AaAMAW 


DANDHO 
TM CIN hh 
ee ee oJ 
NAMAt 


WFHOUMN 
MNooood 
cco e om 
aA NM 


WVHTMMN 
AR MAREN 
eee o oY 
NO WAN 


ORWDOTIY 
DONA 
ecco ot 
4 oAanN 


TORINMN 
ODRORD 
eoe o ot 
N AHN 


WNDDOM + 
wWoDdNON'DS 
ece e oO 
aA oH N 


RN TOMN4 
MaoMMmry 
e@eee ot 
AHANAM 


APPENDIX II 
Monthly Mean Surface Atmospheric Properties 


The following tables list the long-term monthly mean surface atmospheric properties approximately corresponding to the distributions of 
monthly mean heat exchange components displayed in Appendix I. Each page contains values for 10 1° squares. Within each group of 10, all 
1° squares are defined by a common latitude. The first set of values corresponds to the 1° square adjacent to the coast. The final tabulations 
refer to the 1° square farthest from the coast. 

Monthly mean properties are tabulated for windspeed (SPD, m/s), surface air temperature (AIR, °C), sea surface temperature (SEA, °C), 
vapor pressure of the air (VPA, mbar), saturation vapor pressure at the sea surface temperature (VPS, mbar), and total cloud amount (CLD, 
%). These estimates of monthly mean surface properties were used to calculate the heat exchange components, Q,(M), for comparisons with 


the heat exchange values computed from individual reports, Q,(/), shown in Figures 5, 6, and 7, and in Table 1. 
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NOAA TECHNICAL REPORTS 
NMFS Circular and Special Scientific Report—Fisheries 


Guidelines for Contributors 


CONTENTS OF MANUSCRIPT 


First page. Give the title (as concise as possible) of the 
paper and the author’s name, and footnote the author’s 
affiliation, mailing address, and ZIP code. 


Contents. Contains the text headings and abbreviated 
figure legends and table headings. Dots should follow each 
entry and page numbers should be omitted. 


Abstract. Not to exceed one double-spaced page. Foot- 
notes and literature citations do not belong in the abstract. 


Text. See also Form of the Manuscript below. Follow the 
U.S. Government Printing Office Style Manual, 1973 edi- 
tion. Fish names, follow the American Fisheries Society 
Special Publication No. 12, A List of Common and Scientific 
Names of Fishes from the United States and Canada, fourth 
edition, 1980. Use short, brief, informative headings in place 
of ‘‘Materials and Methods.”’ 


Text footnotes. Type ona separate sheet from the text. For 
unpublished or some processed material, give author, year, 
title of manuscript, number of pages, and where it is filed— 
agency and its location. 


Personal communications. Cite name in text and footnote. 
Cite in footnote: John J. Jones, Fishery Biologist, Scripps 
Institution of Oceanography, La Jolla, CA 92037, pers. com- 
mun. 21 May 1977. 


Figures. Should be self-explanatory, not requiring refer- 
ence to the text. All figures should be cited consecutively in 
the text and their placement, where first mentioned, indi- 
cated in the left-hand margin of the manuscript page. Photo- 
_ graphs and line drawings should be of ‘‘professional’’ quality 
—clear and balanced, and can be reduced to 42 picas for 
page width or to 20 picas for a single-column width, but no 
more than 57 picas high. Photographs and line drawings 
should be printed on glossy paper—sharply focused, good 
contrast. Label each figure. DO NOT SEND original figures 
to the Scientific Editor; NMFS Scientific Publications Office 
will request these if they are needed. 


Tables. Each table should start on a separate page and 
should be self-explanatory, not requiring reference to the 
text. Headings should be short but amply descriptive. Use 
only horizontal rules. Number table footnotes consecutively 
across the page from left to right in Arabic numerals; and to 
avoid confusion with powers, place them to the /eft of the 
numerals. If the original tables are typed in our format and 
are clean and legible, these tables will be reproduced as they 
are. In the text all tables should be cited consecutively and 
their placement, where first mentioned, indicated in the left- 
hand margin of the manuscript page. 


Acknowledgments. Place at the end of text. Give credit 
only to those who gave exceptional contributions and not to 
those whose contributions are part of their normal duties. 


Literature cited. In text as: Smith and Jones (1977) or 
(Smith and Jones 1977); if more than one author, list accord- 
ing to years (e.g., Smith 1936; Jones et al. 1975; Doe 1977). 
All papers referred to in the text should be listed alphabeti- 
cally by the senior author’s surname under the heading 
“Literature Cited’’; only the author’s surname and initials 
are required in the author line. The author is responsible for 
the accuracy of the literature citations. Abbreviations of 
names of periodicals and serials should conform to Biologi- 
cal Abstracts List of Serials with Title Abbreviations. For- 
mat, see recent SSRF or Circular. 


Abbreviations and symbols. Common ones, such as mm, 
m, g, ml, mg, °C (for Celsius), %, %o, etc., should be used. 
Abbreviate units of measures only when used with numerals; 
periods are rarely used in these abbreviations. But periods 
are used in et al., vs., e.g., i.e., Wash. (WA is used only with 
ZIP code), etc. Abbreviations are acceptable in tables and 
figures where there is lack of space. 


Measurements. Should be given in metric units. Other 
equivalent units may be given in parentheses. 


FORM OF THE MANUSCRIPT 


Original of the manuscript should be typed double-spaced on 
white bond paper. Triple space above headings. Send good 
duplicated copies of manuscript rather than carbon copies. 
The sequence of the material should be: 


FIRST PAGE 

CONTENTS 

ABSTRACT 

TEX: 

LITERATURE CITED 

TEXT FOOTNOTES 

APPENDIX 

TABLES (provide headings, including ‘‘Table’’ and Arabic 
numeral, e.g., Table 1.--, Table 2.--, etc.) 

LIST OF FIGURE LEGENDS (entire legend, including 
“‘Figure’’ and Arabic numeral, e.g., Figure 1.--, Figure 
2.--, etc.) 

FIGURES 


ADDITIONAL INFORMATION 


Send ribbon copy and two duplicated copies of the manu- 
script to: 


Dr. Carl J. Sindermann, Scientific Editor 
Northeast Fisheries Center Sandy Hook Laboratory 
National Marine Fisheries Service, NOAA 
Highlands, NJ 07732 


Copies. Fifty copies will be supplied to the senior author 
and 100 to his organization free of charge. 
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS 


The National Oceanic and Atmospheric Administration was established as part of the Department of 
Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact 
of natural and technological changes in the environment and to monitor and predict the state of the solid Earth, 


the oceans and their living resources, the atmosphere. and the space environment of the Earth. 


The major components of NOAA regularly produce various types of scientific and technical informa- 
tion in the following kinds of publications: 


PROFESSIONAL PAPERS — Important definitive TECHNICAL SERVICE PUBLICATIONS — Re- 
research results, major techniques, and special inves- ports containing duta, observations, instructions, etc. 
tigations. \ partial ng includes data serials; prediction and 

outlook periodicals: technical manuals, training pa- 
. and information serials; and 


CONTRACT AND GRANT REPORTS — Reports 
prepared by contractors or grantees under NOAA 
sponsorship 


nical publications 


TECHNICAL REPORTS — Journal quality with 
>xtensive details, mathematical developments, or data 


ATLAS — Presentation of analyzed data generally 
in the form of maps showing distribut f f 
chemical and physical conditions of oceans and at- TECHNICAL MEMORANDUMS — Reports of 


mosphere, distribution of fishes and marine mam- preliminary, partial, or negative research or technol- 
mals, ionospheric conditions, etc. ogy results, interim instructions, and the like. 


Information on availability of NOAA publications can be obtained from: 


PUBLICATIONS SERVICES BRANCH (D812) 
INFORMATION MANAGEMENT DIVISION 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE 


11400 Rockville Pike 
Rockville, MD 20852 
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